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ABSTRACT
Charge self consistent semiempirical calculations, including the 
sigtna orbitals, on ferrocene, aminoferrocene, chloroferrocene, and 
nickelocene are reported. The computation is based on valence state 
ionization potentials as a function of orbital population and configur­
ation for the coulomb integrals and the Cusachs approximation for the 
resonance integrals. The calculations are correlated with the vapor and 
solution spectra of ferrocene. The low energy electronic transitions in 
ferrocene are assigned 2 2 ,7 3 0 cm-1 (alg -* eig), 30.860 cm-1, and 37,000 cm 
(e£g -* eig); these are symmetry forbidden charge transfer from metal to 
ring.
The observed high energy transitions, 4l,200 cm-1, 42,700 cm*1 , and 
48,200 cm-1 are components of eig elg, and the transition at 51 ,200 cm" 
is one component of the allowed elu “* elg, fca]/f0b8 " O.547/O.6 9I.
The ionizing orbital in ferrocene was found to be (-9.78 e.v.)
and in nickelocene, was found to be eig2 (-6.874 e.v.).
The formal charge on the metal in all compounds considered was 
positive.
INTRODUCTION
Ferrocene is the prototype of a group of complexes of the type 
M(C5H5 )2 where M is a transition metal. Since its synthesis in 1951 
by Kealy and Pauson1 , the bonding between the metal and the cyclopenta- 
dienyl rings has been investigated by many authors.2"10 The extensive 
review articles of Rausch11, Wilkinson and Cotton12, and Kaesy13 indi­
cate the considerable amount of work available in the area.
All previously reported discussions of metallocenes have neglected 
the sigma framework of the ligands. Indeed, until the present time, 
extended Huckel calculations were the only feasible type of computa­
tion for large molecules. The approach used in the present work is 
considerably more comprehensive than the extended Huckel formulation; 
in addition, it is already known that it provides a reasonably accurate 
description of both sigma and pi-bonding in small molecules,14>15>16
Previous semiempirical methods17jls>19 contain adjustable para­
meters. These parameters are usually changed from molecule to molecule 
in order to increase or decrease electronic interactions so as to give 
agreement between the computed and experimental values of some selected 
physical property. In order for a semiempirical calculation to have any 
merit, it should have no arbitrarily adjustable parameters. This work 
has none. The structure of the molecule and the atomic spectral proper­
ties of the elements of which the molecule is constituted are taken as 
the fundamental empiric input. All other properties of the molecule are 
calculated from the experimental values of these fundamental properties.
1
METHOD OF CALCULATION
The method of calculation employed is similar to that used by 
Carroll, Armstrong and McGlynn14; Appendix I is a reprint of this work.
It used molecular orbitals which are a linear combination of atomic 
orbitals (LCAO-MO). The MO's are minimised with respect to energy and 
brought to self consistency with respect to orbital population.
A. Atomic Orbital Basis Set
The functional form of the atomic orbital basis set is a Slater20 
type orbital (STO). It is known that a single STO function cannot be 
considered a good representation of a self consistent field Hartree- 
Fock (SCF-HF) wavefunction. However, in the region of chemical bonding 
a single STO can be made to yield reasonable agreement with the SCF-HF 
wavefunction if proper care is exercised in choosing the orbital exponent 
(zed). In calculating an effective single zed Slater function (ES-STO), 
the self overlap of the SCF-HF function might be matched with the self 
overlap of the single zed STO function over a range of representative 
bond distances. Self overlap is defined as
Sa b =<a|b> ....(1)
where
|a> = |b> ....(2)
except that |a> is located on center a, and |b> is located on center b. 
Unfortunately, SCF-HF wavefunctions are rarely, if ever, available in 
analytic form. Consequently, multi-STO approximations to the SCF-HF 
wavefunctions, specifically the Clementi21 multi-zed wavefunctions (C-SCF), 
for the elements in the first two rows of the periodic table, and Richard-
g o  / \
son multi-zed wavefunctions (R-SCF), for the transition metals, were
2
3used and the best ES-STO approximation was chosen by comparison with the 
calculated self overlaps of the C-SCF wavefunctions rather than with the 
self overlaps of the exact (or correct) SCF-HF wavefunctions.
The functional form of the STO is
♦ - Nr(n‘-l)e-(Z-.)r/n.Ao .. . ,(J)
where N is the normalisation factor, r is the distance from the center, 
n* is the effective quantum number, Z is the atomic number, s is the 
shielding constant [the term (Z-s/n* is referred to as "zed*'], A0 is 
the Bohr radius and Y(JJ,m|0,cp) is the spherical harmonic. Since only 
the spherical harmonic controls the symmetry of the orbital, a single ns 
effective orbital or a linear combination of same could be used to repre­
sent the n*s SCF-HF orbital.
Appendix II contains the data for the matching of C-SCF functions 
with ES-STO functions. If carbon is taken as an example, it is seen that 
the orbital exponent for the Is ES-STO has less variation than for the 
2s ES-STO when their self overlaps are both compared to the self overlap 
of the carbon 2s C-SCF function over a range of separation in the region 
of interest, i.e., the covalent diameter. The value of zed for this 
’‘best" ES-STO is taken as the zed which will give the same value for the 
self overlap as the C-SCF function at a separation of centers equal to 
the covalent diameter.
The matching process for np and nd ES-STO to n #p and n*d SCF func­
tions is exactly the same as for the ns orbitals. However, it is now 
necessary to match, using the same single zed if possible, both sigma 
and pi type overlaps of the ES-STO with the sigma and pi type overlaps 
of the SCF function.
Table 1 Is a compilation of the orbital exponents used in this work. 
When a single value for an effective zed for the ES-STO orbital did not 
reproduce both the sigma and pi type overlap of the C-SCF or R-SCF func­
tions , the value of zed for the pi overlap was chosen for the energy 
calculation. It was assumed the pi overlap would be of greater impor­
tance insofar as spectral properties are concerned. This assumption was 
based on the relative magnitude of the sigma and pi overlaps.
The difference in overlap between different spin states has been 
shown to be larger than the difference between the sigma and pi overlaps.
B. Coulomb Integrals
Coulomb integrals, , were estimated as the negative value of the 
valence state ionization potential (VSIP) , proper account being taken of 
VSIP dependence on net atomic charge (q) and electronic configuration.
O Q
The term VSIP, as used here, is defined by Moffitt as
I - I + P - P0
v g —  ( M
energy
Po
where Iv is the VSIP, 1^ is the ground state ionization potential, P 
is the promotional energy associated with the electron in the ionized 
state, and PQ is the promotional energy associated with the electron in 
the ground state.
Cusach and Reynolds24 have calculated VSIP's for elements in the 
first two rows of the periodic table as a function of the number of
TABLE I
EFFECTIVE SINGLE SLATER ORBITAL EXPONENTS 
FOR SELECTED ORBITALS WHICH REPRODUCE SCF, (C-SCF or R-SCF),
SELF OVERLAP AT A SEPARATION EQUAL TO THE SUM OF THE COVALENT RADII
TABLE I
Covalent Diameter Effective Effective zed 3
Atom Atomic Units Real Orbital Orbital Sigma Pi
H 1 .000 Is Is 1.000 none
1



































0 .8 0 0
2.215
none
0 .8 0 0














a. The value used in the energy computations discussed hereafter was consistently the pi limit of the 
effective zed.
b. The SCF functions for iron and nickel were taken from Richardson32 (R-SCF).
6electrons in the orbital considered (n) and the net atomic charge (q). 
Their expression is of the form
VSIP - A(A,n) + Bq . . . .{5 )
where A(A,n) is the energy needed to remove an electron from either the 
s,A ■ 0, or the p ,A  ■ 1, orbital of the neutral atom. B is the coef­
ficient for net atomic charge dependence. Since n is an integer, equa­
tion (5 ) cannot be used in the case of non-integer values. Equation (5 ) 
is therefore modified so as to become a continuous function of the orbital 
populat ion (POP):
VSIP =* a(POP) + Bq + C ---- (6)
This method of obtaining continuous functions for the VSIP’s has been
shown to give reasonable results. 14 In order to insure rotational in­
dependence of the eigenvectors and eigenvalues, the np orbital VSIP's 
were calculated assuming that the np population was equally divided
among the np , np , and np orbital components, 
x y z
The analytical function for the VSIP of the hydrogen Is orbital was 
formulated as a cubic equation in q from the spectroscopic values of the
|  j
VSIP’s of the atomic iso-electronic series Li , He , and H, and the 
electron affinity of H- In the units of electron volts, the appropriate 
expression is
H - -0.l2lq3 + 13.97q£ + 26.391q + 13-6 ---- (7 )s s
The VSIP’s for the transition metals are those of Basch, Viste and 
Gray .'25 The dependence of VSIP on net atomic charge and on electron 
configuration was taken into account. The method for calculation of 
the transition metal VSIP utilized is that described by Ballhausen and 
Gray . £6
C . Resonance Integral
The expression used for the resonance integral is that suggested by 
Cusachs.*7 The expression is obtained by approximating the two-center 
kinetic and potential energies, respectively, by
where different subscripts represent two-center terms, and where the 
virial approximations
Appendix III is a more detailed derivation of the resonance integral.
Carroll and McGlynnee have compared the Cusachs27 Approximation, 
the Extended Huckel Approximation,17 and the original Wolfsberg-Helmholtz 
Approximation19 with the exact Hartree-Fock Hamiltonian matrix elements10 
for Bg and BH. They conclude that the theoretical approximation of 
Cusachs is in best agreement with the Hartree-Fock Hamiltonian matrix 
elements. They have also shown that the approximation of the kinetic 
energy [equation (8)], or the approximation of the potential energy 
[equation (9)] with the exact SCF kinetic and potential energies, respec­
tively, do not give good agreement. Their conclusion is:
T
ii ii
. . . . ( 10)
and
are assumed for the one-center terms.
Hence, since
H = T + U . . . . ( 1 2 )
the resonance integral becomes
H ij " (2 " ' Sij ^  S ij (Hii + Hjj)/2........... (15)
8"Whatever success [equation (13)] has in reproducing 
the theoretical H^j is not due to the accuracy of the ap­
proximations in [equations (8 ) and (9 )3 taken separately, 
but rather to some balancing of error and, as is usually 
the case in semiempirical methods, most attempts to improve 
the situation by calculating exactly one of the factors in­
volved, produces the opposite effect."
D . Convergence
Any set of parameters used in conjunction with a set of basis func­
tions should be consistent within that basis set. Indeed, if the para­
meters are properly chosen, the wavefunctions generated by their use 
should regenerate the input parameters. In this work, the set of para­
meters which was chosen to be explicitly regenerated from the wave func­
tions consisted of the orbital populations.
A considerable amount of chemical intuition is necessary in order to 
make reasonable initial assumptions about atomic charges, and the prob­
able converged electron configuration. It was determined during the 
course of the work that if the initial configuration was incorrect, the 
calculations would indicate the proper direction of change of the as- 
sumed configuration. This was an important consideration, because the 
atomic basis set, and hence the overlap integrals, are functions of 
atomic charge and electron configuration.
. The overlap integrals were calculated using the basis set described 
in Section A, the VSIP's were calculated as a function of electron con­
figuration as described in Section B, and the resonance integrals were 
calculated as described in Section C. Using these quantities, the 
Hamiltonian matrix, 5C, was constructed. The secular equation
9| X  - SE | - 0 . . . .(11+)
was then solved for the eigenvalues and eigenvectors. A Mulliken popu­
lation analysis28 was performed, the overlap population being equally 
divided between the two basis functions. The output orbital popula­
tions were then compared to the input orbital populations. Convergence 
was said to have been achieved when the difference between the input and 
output populations was less than some small constant number (0 .0 1 charge 
units) for all orbitals. If the difference exceeded this constant 
number, a new input population for each orbital was estimated. The 
output population calculated during each iteration could not be used for 
the input population of the next iteration. When the full output popu­
lation was used, the calculations diverged. To avoid divergence, the 
method of Hartree30 (see Carroll, Armstrong and McGlynn14) was employed.
Hartree's method for convergence utilizes the expression
New Input - Old Input - \(01d Input - Output) . ...(15)
where that X for most rapid convergence may be estimated by a method 
suggested by McWeeny . 31 In these calculations, a value of 0.10 was 
consistently employed for X. This is not the optimum value for rapid 
convergence; however, convergence was usually achieved by its use.
Using the new orbital population, new coulomb terms were calculated, 
and the new secular equation was solved. The calculations were cycled 
until the magnitude of the difference between the input and output popu­
lation was less than 0 .0 1 charge units.
EXPERIMENTAL
Ferrocene samples were obtained gratis from Dr. J. G. Traynham of this 
Laboratory, and from Arapahoe Chemicals, Inc., Boulder, Colorado. Puri­
fication was done by repeated vacuum sublimation.
Ferrocene was sublimed into the vapor phase in a 10.0 cm path length 
high temperature quartz cell and/or into a one-meter Cary gas cell. The 
vapor absorption spectrum was then recorded on a Cary 14 Recording 
Spectrophotometer. The temperature used in the determination ranged 
from 23°C to 100°C. Ferrocene in KBr pellets gave the same infrared 
spectrum both before and after heating to 150°C, thereby verifying the 
presence of only one chemical species present in the vapor. It was 
established by Kaplan, Kester and Katy3£, that ferrocene vapor obeys the 
ideal gas law up to 400°C, thus indicating good stability characteristics 
in the temperature range in which spectra were measured.
A . Results
The vapor absorption spectrum of ferrocene is shown in Figure 1; it 
should be compared with the solution spectra of Scott and Becker10 shown 
in Figure 2. The bands observed in the solution and vapor absorption 
spectra are classified into nine different systems as shown in Figures 1 
and 2. Table II contains a comparison of the solution and vapor spectra. 
The first low energy system, System I, was not observed in the vapor 
phase spectra. Systems II and III are not shown in the vapor spectrum 
of Figure 1; they were observed only with great difficulty because of 
their low extinction coefficients. No increase in resolution beyond 
that present in the solution spectra was observed in Systems II and III. 
The absorption maxima of these two bands in the vapor spectra were ap­
proximately at the same wavelength as observed in the solution spectra.
10
11
The experimental results on the low temperature absorption spectra 
of ferrocene and a vibrational analysis of the vapor spectra will be 
found in the dissertation of F. J. Smith. 33
FIGURE 1
ABSORPTION SPECTRA OF FERROCENE VAPOR AT 35°C
The Roman numerals represent a classification of the bands observed 
in the vapor spectrum, and those observed in the solution spectrum 
(Figure 2) into different electronic systems. Additional broad struc­
tureless bands were observed at 2 2 ,7 0 0 and 30 ,800 cm-1, with extinction 
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WAVENUMBER, cm-* x 10*’
FIGURE 2
ABSORPTION SPECTRUM OF FERROCENE IN ISOPENTANE AT 2^°C
The Roman numerals represent a classification of the bands observed 
in the vapor spectrum of ferrocene (Figure l) into different electronic 
systems.
The spectrum is taken from Scott, D. S., and Becker, R. S., J. Chem. 
Ph^s., 35, 516 (1961).
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FERROCENE SELF CONSISTENT ELECTRON CONFIGURATIONS, 
COULOMB INTEGRALS, NET ATOMIC CHARGES, AND 
IONIZATION POTENTIALS
TABLE XI






^7.6541 -0.0326 ^p-0.8£69 
2sl.12118 2p2 -S88l 
lgl.0006
2^7.50 36






Fe 3d -11.84, 4s -10.48 4P -6 .8 8
OH1 3d -10.54
Integrals C 2s -19-65, 2p -10.27 2s -2 0 .1 3, 2p -10.61 2s -2 0 .1 5, 2p -10.61
e.v.
H Is -13.56 Is -14.14 Is -14.17
Net
Charge
Fe +I.OO55 +0.4964 +€.4562
C -O.O999 -0.0705 -0.0664
H -0 .0006 +0.0209 +0 .0 2 0 8
I.P. (orbital)
1




5 .1635 5 .4664 5.4046
RESULTS AND DISCUSSION
The computations which are reported Indicate that the metals in 
those di-cyclopentadienyl sandwich compounds and their derivatives con­
sidered here are positively charged. The highest filled orbital in 
ferrocene is a^g> and the highest occupied (actually, only half occu­
pied) orbital in nickelocene is ex' - The electronic transitions of 
ferrocene in the region 20 ,0 0 0 to 5^>000 cm-1 can be correlated with 
these calculations. The observed change of ionization potential between 
ferrocene and nickelocene is obtained, as well as the direction of wave­
length change of the first low energy bands (22730 and J 0 8 6 0  cm-1) upon 
substitution of the cyclopentadenyl rings in ferrocene. The remaining 
sections discuss computations and results explicitly.
A. Atomic Orbital Basis Sets
Three different atomic orbital basis sets for the iron of ferro­
cene were used in these computations. These are:
(i) The ES-STO's (Effective-Single-Slater Type Orbitals) were
taken as those STO's which would best reproduce the Richardson35 




(ii) A truncated basis set which used only the 3d metal orbitals
was utilized. The ES-STO was obtained by comparison with the 




(ill) A truncated basis set which used only the 3d metal orbitals
was utilized. The ES-STO was obtained by comparison with the 
Richardson multi-zed basis set for the configuration:
3d - 3d(3d74s°4p°)
All computations [(i), (it), and (iii)] employed the same self- 
consistent atomic orbital basis set for carbon and hydrogen. Table I is 
a tabulation of the various basis set ES-STO*s employed.
B. Selection of the "Best" Basis Set for Iron
Table II contains the self-consistent electron configurations, 
values of coulomb integrals, the ionization potentials, and the net 
charges on the atoms at the charge self-consistent configurations. On 
the basis of the self-consistent electron configurations resulting from 
use of these three basis sets of ES-STO's, set (ii) gives the most re­
liable electron configuration. Basis set (i) oroduced negative (or 
virtual) populations for the 4s and 4p (virtual) orbitals of the iron. 
This negative population is a direct result of ambiguities intrinsic to 
the Mulliken bond population analysis technique. These negative popula­
tions of the 4s and 4p orbitals of iron in ferrocene can be removed by 
adjusting the orbital exponents in such a way as to either greatly ex­
pand or to significantly contract the orbitals. However, since in this
work it is considered improper to vary any parameter arbitrarily, and
since all computations indicate that both the 4s and 4p orbitals remain 
virtual in the ferrocene molecule, these orbitals were deleted from 
some of the calculational ES-STO basis sets -- hence, ES-STO sets (ii) 
and (iii).
Basis set (ii) produced no negative orbital populations; the 
charge on the iron was found to be positive (+0.4964 au). Since the
17
resultant on iron was positive, basiB set (iii) for 3d(3dr ) was studied. 
Basis set (iii) again yielded a positive iron (+O.U562 au); since this 
is a larger deviation (i.e., 0.5*07 au), from the input configuration of
(iii) than the deviation of basis set (ii) (i.e., -0.496*+ au) from the 
input configuration of (ii), the basis (ii) was chosen as the "best"
ES-STO basis set for iron in ferrocene. This basis set, (ii), was also 
used in the calculations made on chloroferrocene and aminoferrocene.
C . Orbital Energies
Table III contains the one-electron eigenvalues and orbital symmetries 
as obtained for ferrocene by use of the specified three ES-STO basis sets 
at charge self-consistency. It should be noted, as indicated by dashed 
lines, that there are only 5 orbitals in the ground state configuration 
which change order as the basis set is varied. Furthermore, only one (or 
at most, two) of these orbital interchanges are of relevance to the 
observable electronic spectroscopy. Consequently, any discussion given 
of relation to experiment, apart from the one instance of charge on the 
iron atom, will be more or less the same using any of the three sets of 
eigenvalues.
D . Axes and Numbering Conventions
Table IV is the numbering and description of the orbitals as used 
in basis set (ii). Figure 5 indicates the coordinate and atom numbering 
conventions used. It is a coordinate frame in which all p orbitals have 
their positive lobes directed along the positive direction of the mole­
cular axis system. The following order of orbitals with identical n and 
SL values on any one center is maintained throughout:
pz, px, py; dz2 , dxz, dx2 - y2 , dyz, dxy.
TABLE III
EIGENVALUES AND ORBITAL SYMMETRIES FOR FERROCENE 
Basis Sets (i), (ii), and (iii)
TABLE III
(i) (ii) (iii)
Energy ev Sym. Energy ev Sym. Energy ev Syin.
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ORBITAL DESCRIPTION AND NUMBERING CONVENTION 
Basis Set (ii)
(Geometry Data Obtained from Table of Interatomic Distances)
I Ft
c»ai
f t BRC 




C * B T I A L S  (0) Vffi.SIOS MAY I, 1966
6AME N L M 5 1GMA X Y I 2 t o ALPHA
C l  T 1 0 0 C.OOOOOo 1. 19*3410 1 . 6 6 2 5 0 0 1 oi r , - 2 0 . 1 1
Cl  T 2 1 0 c 0 . o o o o o o 1 . 1 9 9 * 1 0 1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
C l  T 1 1 0 c . o o o o o o I . 1 9 9 * 1 0 1 . 6 6 2 5 0 0 I * 2 3 - 1 0 . 6 1
C l  T 2 I I I c , o o o o o o 1 . 1 9 9 * 1 0 1 * 6 6 2 5 0 C 1 * 2 3 — 1 P ,  6 I
C2 r I 0 0 -  1 .  1 * 0 7 1 Q 0 . 3 7 0 6 * 0 1 . 6 6 2 5 0 0 1 0 3 0 - 2 0 . 1 1
0 2  T 2 I 0 c -  1 . 1 A0710 C . 3 7 0 6 * 0 1 . 6 6 2 5 0 0 I * 2 3 -  1 0 . 6 1
02 T 1 1 0 - 1 , 1 * 0 7 1 0 0 . 3 7 0 6 * 0 1 . 6 6 2 5 0 0 1 423 - 1 0 . 6 1
C2 T 2 ! 1 1 - L . 1 A071C 0 . 3 7 0 6 * 0 1 . 6 6 2 5 0 0 L * 2 3 - 1 0 . 6 1
Cl  T 1 0 0 - 0 . 7 0 * 0 0 0 - 0 . 9 7 0 3 * 0 1 . 6 6 2 5 0 0 I 0 3D - 2 0 . 1 1
C3 2 1 0 c - 0 , 7 0 5 0 0 0 - 0 . 9 7 0 3 * 0 1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
C 3 t 2 1 1 Q - 0 . 7 0 5 0 0 0 - 0 . 9 7 0 3 * 0 1 . 6 6 2 5 0 0 t * 2 3 -  1 0 . 6  1
0 3  T 2 1 1 - C . T C 5 0 0 0 - 0 . 97C3AC I . 6 6 2 5 0 0 I * 2 3 - 1 0 . 6 1
c* ■* 0 0 0 , 7 0 5 0 0 0 - 0 . 9 7 0 3 * 0 1 . 6 6 2 5 0 0 1 0 3 0 -  20 . 13
C. * T 2 1 0 0 0 , 7  0 5 0 0 0 - 0 . 9 7 0 3 * 0 1 . 6 6 2 5 0 0 1 * 2 3 -  1 0 . 6  |
C* 2 I 1 D 0 . 7 C 5 0 0 U - 0 . 9 7 0 3 * 0 L . 6 6 2 5 0 C I 423 - I f  . 6  1
C* T 2 I I 1 0 . 7 0 5 0 0 0 - 0 . 9 7 0 3 * 0 1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
C5 Y 0 C I . 1 A 0 7 1 0 C . 3 7 0 6 * 0 1 . 6 6 2 5 0 0 1 0 3 0 - 2 0 . 1 3
C5 T 2 I c 0 1 .  I A 0 7 1 0 0 . 3 7 0 6 * C 1 . 6 6 2 5 0 0 I * 2 3 - 1 0 . 6 1
C 5 T 2 t I C 1 . 1 A0 7 1 0 0 . 3 7 0 6 * 0 1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
C5 T 2 I I 1 I . 1 A G7 L0 0 . 3 7 0 6 * 0 1 . 6 6 2 5 0 C I *2 3 - 1 0 . 6 1
c i  n I 0 C 0 . 0 0 0 0 0 0 - 1 . 1 9 9 * 1 0 •  1 . 6 6 2 5 0 0 1 C30 - 2 0  . 13
Cl  ft 2 I 0 c 0 . 0 0 0 0 0 0 '  1 . 1 9 9 * 1 0 -  1 * 6 6 2 5 0 0 1 *23 - 1 0 . 6 1
Cl  P 2 I 0 c . o c o o o o - I . 1 9 9 * 1 0 - 1 . 6 6 2 6 0 0 I *2 3 - 1 0 . 6 1
Cl  B 2 I I o . o o o o o c - 1 . 1 9 9 * 1 0 - 1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
C? B 0 c - 1 . 1 * 0 7 1 0 - C . 3 7 0 6 * 0 - 1 . 6 6 2 5 0 0 1 03 0 - 2 0  . 1 3
0 2  P 2 0 0 - 1 , 1 * 0 7 1 0 - 0 . 3  7 0 6 * 0 - 1 . 6 6 2 5 0 C I *2 3 - 1 0 . 6 1
C2 P 2 I c -  1.  I A0 T1 0 - C . 3 7 0 6 * 0 -  1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 , 6 1
C 2 P 2 1 I - 1 . 1 * 0 7 1 0 - C . 3 7 0 6 * 0 - 1  . 6 6 2 5 0 u 1 *23 -  1 0 , 6  I
C l  P 0 0 - 0 . T05C00 0 . 9 7 0 3 * 0 -  1 . 6 6 2 5 0 0 1 C 30 - 2 0 ,  1 1
C )  ft 2 0 c - 0 . 7 0 5 0 0 0 C . 9 7 0 3 * 0 - 1 . 6 6 2 5 0 0 1 * 2 3 -  1 0 . 6  1
o  ft 2 1 0 - 0 . 7 C 5 0 0 0 0 . 9 7 0 3 * 0 - 1 . 6 6 2 5 0 0 I * 2 3 - 1 C . 6  1
C3 ft 2 1 1 - 0 . 7 0 5 0 0 0 0 . 9 7 0 3 * 0 -  1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 , 6 1
C* ft 0 c 0 . 7 0 3 0 0 0 0 . 9 7 0 3 * 0 -  1 , 6 6 2 5 0 0 1 0 3 0 - 2 0 . 1 3
C* ft c 0 C.  7 0 5 0 0 0 0 . 9 7 0 3 * 0 - 1 . 6 A 2 5 0 C 1 * 2 3 - 1 0 . 6 1
c *  e 2 1 c C . 7 0 5 0 0 0 0 . 9 7 0 3 * 0 -  L. 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
C* ft 2 1 I 0 . 7 0 5 0 0 0 C.  9 7 0 3 * 0 - 1 . 6 6 2 5 0 0 1 * 2 3 -  1 0 . 6  I
0 5  ft 0 0 1 . 1 * 0 7 1 0 - 0 . 3 7 0 6 * 0 - 1  .  6 6 2 5 0 L I G.3G -?<" » 1 )
C5 a 2 0 c 1 . 1 * 0 7 1 0 - C . 3 7 0 6 * 0 -  1 . 6 6 2 5 0 0 1 * 2  3 -  1 0 . 6 1
C 5 ft 2 1 0 1.  1*0 7  LC - 0 . 37C6AC - 1 . 6 6 2 5 0 0 1 *2 3 - 1 C . 6 1
C5 ft 2 1 I I . l A o n o - Q , 3 7 0 6 * 0 -  1 . 6 6 2 5 0 0 1 * 2 3 - 1 0 . 6 1
H i  T C 0 c 0 . 0 0 0 0 0 0 2 . 2ft 3*10 1 . 6 6 2 5 0 0 0 0 0 - 1 * .  1*
h 2 r 0 0 0 - 2 .  17166C 0 . 7 C 5 6 2 0 1 . 6 6 2 5 0 1 1 c o o - 1 * . I*
HI  T 0 0 0 - 1 • 3 * 2  15Q - 1 . 6 * 7 3 2 0 1 . 6 6 2 5 0 0 I 0 0 0 - 1 * .  1*
HA T c 0 0 I . 3 * 2 1 5 0 -  1 . 8 * 7 3 2 0 1 . 6 6 2 5 0 0 occ -  1 * .  1*
h s  r 0 0 0 2 .  1 7 1 6 6 0 0 . 7 0 5 6 2 0 1 . 6 6 2 5 0 C 1 occ - 1 * .  1*
h i  e 0 0 C O.OOOOOC • 2 . 2 8 3 * 1 0 -  1 . 6 6 2 5 0 0 I 0 0 0 - I * .  1 4
H 2 ft 9 0 D - 2 . 1 7 1 6 6 0 - C . 7 0 5 6 2 0 -  1 . 6 6 2 5 0 0 0 0 0 -  1* .  1*
H i B 0 0 0 - 1 . 3 * 2 1 5 0 1 . ft* 73 2 0 -  1 . 6 6 2 5 0 0 I OOP - I *  .  1*
HA ft 0 Q c 1 . 3 * 2 1 5 0 1 , 6 * 7 3 2 0 • 1 . 6 6 2 5 0 0 I o c c - l * . l *
Hi  b 0 0 0 2 . 1 7 1 6 6 0 -  0 .  7 0 5 6 2 0 - I  . 6 6 2 5 0 0 c o c - I *  .  1*
FE 3 2 0 0 c . o c o o o o 0 . OOOCCO O.OOOOOC 2 2 1 5 - 1 0 . 9 )
f f 3 2 1 0 0 . 0 0 0 0 0 0 o . o o c o c c 0 . 0 0 0 0 0 0 2 2 1 5 - I f . 93
FE 3 2 2 c o . o o o o o c C.OOOOOO C.OOOOOO 2 2 1 5 - 1 0 , 9 )
FE 3 Z 1 1 c . o o o o o o C.OOCCOC O.OOOOOC 2 2 1 5 - 1 C . 9 )
FE 3 ? 2 I o . o o o o o c c . o o o o o o 0 . o o o o o o 2 215 - 1 0 . 9 )
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FIGURE 3
MOLECULAR COORDINATE AND ATOM NUMBERING 
SYSTEM FOR FERROCENE, Dc .





The numbering of the atomic orbitals given in Table IV is used consis­
tently in the overlap matrix of Table V, the Hamiltonian matrix of Table 
VI, and the eigenvector matrix of Table VII. The eigenvectors are right 
column vectors, ordered from left to right in the direction of decreas­
ing relative energy. The index numbers of the atomic orbitals are indi­
cated on the extreme left of each row of these matrices.
E . Chloroferrocene and Aminoferrocene
Table VIII and Table IX contain the self consistent electron con­
figurations, values of coulomb integrals, and net atomic charges for the 
molecules chloroferrocene and aminoferrocene, respectively. Table X con­
tains the eigenvalues of chloroferrocene and aminoferrocene; as calculated 
by means of the iron basis set (ii) and the ES-STO*s for Clementi SCF 
wavefunctions. These were calculated using the basic ferrocene geometry 
while attaching the chlorine or amino group (HNH in plane) to carbon Tj.. 
The C-Cl band length was assumed to be 1 . 6 U  A..43 The CN and NH band 
lengths were assumed to be 1 .97 A  1 .008 A..44
F . Nickelocene
The self consistent electron configurations , values of coulomb in­
tegrals, and net atomic charges for nickelocene are presented in Table XI. 
Nickelocene-one electron energy levels were calculated with the 3d, U s , 
and Up orbitals included in both the and point groups. In both 
cases the Up orbital population at the self consistent charge configura­
tion was negative. Similar computations in the D,_^  point group, but with 
the Up orbitals excluded, were performed. In this instance, no negative 
populations were obtained. Table XII lists the eigenvalues and orbital 
symmetries obtained in these calculations. Geometry data obtained from 
Table of Interatomic Distances. 45
TABLE V 
FERROCENE OVERLAP MATRIX 
Basis Set (ii)
t / f tO * * - ftftlO * 0 - 9TS0* 0 - 4 8 0 0 *  0 9 I >0  * 0 £ 1 2 0 * 0 0 0 0 0 * 0 “ 0 > 9 0  * 0 - 0 0 0 0 * 0 0 0 0 0 * 0 9 1 5 0 * 0 4 0 0 0 * 0 - 91 >0 * 0 - ( 1 2 0 * 0 9 1 3 0 * 0 -
« 9 0 1 * 0 - I 1 8 0 * 0 - 2 5 4 0 * 0 - 9 1 * 0 * 0 0O>O*O 0 1 ( 0 * 0 4 2 5 0 * 0 0 0 0 0 * J - 1ZE1*0 £ 0 0 1 * 0 2 4 4 0 * 0 9 I > 0 * 0 - 0O>O“O- 0 1 ( 0 * 0 6 ( 0 0 * 0 -
b U P ' p - 2 1 1 0 * 3 - 52€O *0 9 1 2 0 * 0 - 2 4 4 0 * 0 £ 6 2 0 * 0 OE1 D *0 0 0 0 0 * 0 1 0 4 0 * 0 - 2 9 ( 0 * 0 - 4 2 ( 0 * 0 - 9 1 2 0 * 0 2 4 5 0 * 0 - ( 6 2 0 * 0 3 6 ( 0 * 0
f t l * n * 0 6 8 8 0 * 0 9 1 f t0 40 2 b £ 0 * 0 9 5 2 1 * 0 > 5 6 0 * 0 0 0 0 0 * 0 - 4 9 0 0 * 0 - 0 0 0 0 * 0 0 0 0 0 * 0 9 1 > 0 *  0 - 2 6 ( 0 * 0 - 9 5 2 ! * 0 - > 4 6 0 * 0 ( 4 9 0 * 0
ftf 1 0 * f ftfciO *0 t 4E0* Q 9 f t l t  *0 9C T 0*0 > 6 5 0 * 0 1 0 2 1 * 0 0 0 0 0 * 0 9 € 10 *0 > 6 4 0 * 0 ( 1 ( 0 * 0 - 0 > 1 1 * 0 - 9 ( 1 0 * 0 - > 6 4 0 * 0 9 4 6 0 * 0
O n c ^ 'C - > 5 1 0 * 0 ftftOO'G- 9 4 * 0 * 0 0 0 0 0 * 0 - >4E0 * 0 8ft>0 *0 6 9 6 1 * 0 0 0 0 0  * 0 - 8 0 5 1 * 0 4 8 0 0 * 0 - 1 0 0 0 * 0 2 9 2 0 * 0 - > 2 2 0 * 0 1 2 0 0 * 0
n n o P 'O - 9881 *0 i o e o * o £ f t£ 0 * 0 0 0 0 0 * 0 “ > 5 £ 0 * 0 12>D"0 9 0 1 0 * 0 0 0 0 0 * 0 - > 4 ( 0 * 0 9 1 1 0 * 0 9 1 0 0 * 0 2 9 2 0 * 0 “ > 2 2 0 * 0 5 8 0 0 * 0
O^OC T * 1 8 9 9 * 0 o t o z 4o Ctf1 0 * 0 - 0 0 0 0 * 0 “ 5 9 4 1 * 0 1 2ft0*0 9 0 1 0 * 0 - 0 0 0 0 * 0 - > 4 ( 0 * 0 6 2 0 0 * 0 6 > 0 0 * 0 - 4 9 0 0 * 0 “ 1 4 0 0 * 0 9 2 0 0 * 0
0 ^ 0 0 * 0 - 5W5 1 *0 0 6 4 1 * 0 - f t\ fc > * 0 “ 0 0 0 0 * 0 - 0 5 9 5 * 0 « » 0 * 0 6 9 6 1 * 0 - 0 0 0 0 * 0 - 5 9 4 1 * 0 0 1 0 0 * 0 - 0 ( 0 0 * 0 - 0 ( 0 0 * 0 - 0 ( 0 0 * 0 5 0 0 0 * 0
OOC"' 4 c - f t i f  r>*o > ( 4  I *0 - ftCOl*0 0 0 0 0 * 0 - 5 0 5 1 * 0 1 415  ’ 0 - 0 3 0 0 * 0 0 0 0 0  *0 — 1 494  *0 2 8 0 0 * 0 - 2 2 0 0 * 0 - 5 9 0 0 * 0 - 1 4 0 0 * 0 ( 0 1 0 * 0 -
9 9 0 0 * 0 1 4 0 0 * 0 0 1 0 0 * 0 OCOO'O OCOO'O 8E00* 0 4 ( 0 0 * 0 0 0 0 * 0 4 9 0 0 * 0 1 4 0 0 * 0 8 6 8 1 * 0 016>*O 0 0 0 0 * 0 0 5 9 8 * 0 6 1 5 1 * 0
n f o o * n 9 f 0 0 * 0 6 2 0 0 * 0 - 6f t00  *0 5 9 0 0 * 0 u o o * o 1 4 0 0 * 0 - 9 0 1 0 * 0 2 9 2 0 * 0 > 2 2 0 * 0 0 1 0 2 * 0 - ( 0 1 0 * 0 0 0 0 0 * 0 5 8 4 1 * 0 ft 01 ft " 0 -
9 9 0 0 * 0 14 0 0 * 0 f t t l O ' O - 9 1 0 0 * 0 - 2 9 2 0 * 0 > 2 2 0 * 0 1 4 0 0 * 0 - 9 0 1 0 * 0 - 2 9 2 0 * 0 > 2 2 0 * 0 1 0 ( 0 * 0 “ 0 ( 0 * 0 - 0 0 0 0 * 0 > 5 1 0 * 0 5 6 4 0 * 0 -
? f t? 0 * 0 > 2 2 0 * 0 5 8 3 0 * 0 1 8 0 0 * 0 - 2 9 2 0 * 0 > 2 2 0 * 0 i £ 0 0 * 0 £ > 0 0 * 0 - 8 9 0 0  *0 1 1 0 0 * 0 9 > 0 0 * 0 0 5> O *O - 0 0 0 0 * 0 > 5 ( 0 * 0 2 ( 2 0 * 0
> 2 2 0 4 o 2 5 0 0 * 0 2 2 0 0 * 0 5 9 0 0 * 0 1 4 0 0 * 0 2£ 0D*0 0 0 0 0 * 0 0 ( 0 0 * 0 9 ( 0 0 * 0 > 1 4 1 * 0 > £ 0 t * 0 - 0 0 0 0 * 0 4 8 8 1 * 0 0 5  ftO * 0
0 0 0 0 * 0 8 8 0 1 - 0 f t l 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 - 0 4 0 1 * 0 9 4 6 2 * 0 - 0 0 0 0 * 0 1 0 5 2  * 0 “ 0 9 0 0 * 0 0 0 0 0 * 0 - £ > 1 0 * 0 - > 9 0 0  * Q 6 4 0 0 * 0
O o n r * r 4 b > 1 * 0 - 0 0 0 0 * 0 56 £  2 * 0 - 0 0 0 0 * 0 0 5 8 1 * 0 - 9 5 6 2 * 0 - 1 1 9 0 * 0 - 0 0 0 0 * 0 - 195E * 0 - 0 0 0 0 * 0 - 0 0 1 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 - 4 1 0 3 * 0 “
f t | 0 O ' o
0 0 0 0  ' 0 - 3 ¥ S f : g m m-i o i ? 8 * 8 - * ¥ S ? : 8 2S£?-‘g ¥ 8 S ? : g - o S i o * 8 - ¥ ! 8 ? : 8 £ > 1 0 * 0 -> 9 0 0 * 0 - m u 1 > 8 0 * 0 -4 1 ( 0 * 0 - 4 1 ( 0 * 0> 6 2 0 * 0 9 1 1 3 * 0  8 9 0 0 * 0
o o o r * o o o o o #o * 4 6 2 0 * 0 “ 9 2 5 1 * 0 - 0 0 0 0 * 0 0 9 0 1 * 0 - 8 9 0 2 * 0 - £ > 6 0 * 0 - 0 0 0 0 * 0 0 9 1 1 * 0 - 64 Q0* 0 8 1 0 0 *  3 9 1 1 0 * 0 0 9 0 0 * 0 - 1 > 0 0 * 0 -
OOOC ‘ 0 tCftft'O- 9 2 4 1 * 0 - 9 0 2 1 * 0 - 0 0 0 0 * 0 - 4 6 > t  *Q- 0 6 0 * 0 - 0 0 5 0 * 0 0 0 0 0 * 0 - 2 1 5 0 * 0 - 5 1 0 0 * 0 6 0 0 0 * 0 > 8 0 0 * 0 - 6 > 0 0  *0 0 0 0 0 * 0 -
ftM f  * r CCOO'O 0 0 0 0 * 0 0 3 0 0 * 0 - > 1 8 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 - > 1 0 0 * 0 0 0 0 0 * 0 9 1 1 0 * 0 > 0 0 0 * 0 - 1>40 * 0 - 4 4 t Q  *0 0 > 1 0 * 0
o o n o  *n- 1 2 3 > * 0 8 9 0 1 * 0 4 6 f t l *0 0 0 0 0 * 0 - 9 I > I * 0 0 9 4 1 * 0 2 1 5 0 * 0 0 0 0 0 * 0 - 9 1> 1 * 0 B 9 0 0 * 0 6 > 0 0 * 0 - 4 1 ( 0 * 0 - > 6 2 0 * 0 8 6 0 0 * 0
3 0 0 0 * 0 0 0 0 0 * 0 6 2 f t 2 * 0 - 4 2 8 1 * 0 - 0 0 0 0 * 0 9  81 > * 0 - 8 0 0 2 * 0 - £ > 6 0 * 0 0 0 0 0 * 0 - 0 9 4 1 * 0 - ( £ 0 0 * 0 > 2 0 0 * 0 £ > 0 0 * 0 0 4 0 0 - 0 - 2 2 0 0 * 0 -
0 0 3 0 * 0 o t c r * o 4 2 0 1 * 0 - > 0 9 2 * 0 0 0 0 0 * 0 - 0 9 £ 1 * 0 - £ > 6 0 * 0 9 0 5 0 * 0 0 0 0 0 * 0 - 2 1 4 0 * 0 > 2 0 0 * 0 £ £ 0 0 * 0 - £ £ 1 0 * 0 - ( 6 0 0 * 0 f t ( 0 0 * 0
0O00* T CCOO'O 0 0 0 0 * 0 0 0 0 0 * 0 - 0 6 l £  *0 0 0 0 0 * 0 0 0 0 0 * 0 - 0 0 0 0 * 0 - > 1 8 0 * 0 0 0 0 0 * 0 £ > 0 0 * 0 ( £ 1 0 * 0 - 6 6 1 0 * 0 “ 4 9 1 0 * 0 0 8 0 3 * 0
0 0 0 0 * 0 0 0 0 0 *  I 9 B1 ft*0 3 9 t 1*0 0 0 0 0 * 0 - I 2 0 > * 0 0 9 4 1 * 0 2 1 5 0 * 0 - 0 0 0 0 * 0 - 9 1 > 1 * 0 0 ( 0 0 * 0 £ 6 0 0  * 0 - 1 9 1 0 * 0 - 1 4 1 0 * 0 1 9 0 0 * 0
OOOO *0 f t f t tV O 0 0 0 0 * 1 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 4 0 1 * 0 9 4 6 2 * 0 0 0 0 0 * 0 - 4 0 4 2  * 0 - 8 1 0 0 * 0 TZOO'O- 0 ( 0 0 * 0 - £ 2 0 0 * 0 ( £ 0 0 * 0
OOCO»n- Oftt 1 * o 0 0 0 0 * 0 0 0 0 0 * 1 0 0 0 0 * 0 0 0 0 0 * 0 9 8 6 2  *0 1 4 0 0 * 0 - 0 0 0 0 * 0 - I9 4 £  *0 1 2 0 0 * 0 - 0 > 0 0 * 0 - > 6 0 0 * 0 - 2 4 0 0 * 0 > 2 0 0 * 0
P M f ’ C c c c o * o - 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 1 0 0 0 0 * 0 0 0 0 0 * 0 - 0 0 0 0 * 0 - 0 6 1 £ * 0 0 0 0 0 * 0 0 ( 0 0 * 0 “ > 6 0 0 * 0 - 2 1 1 0 * 0 - 5 0 1 0 * 0 0 0 0 * 0
0 0 0 0  *0 1 2 0 > * 0 0 0 0 0 * 0 □ 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 1 4 0 4 2 * 0 19 5 ( *  0 - 0 0 0 0 * 0 - 1 2 0 >  ' 0 ( 2 0 0 * 0 - 2 4 0 0 * 0 - 5 0 1 0 * 0 - £ 0 1 0 * 0 0 ( 0 0 * 0
o n o r  * o - 0 9 i  1 * 0 0 5 0 1 * 0 9 5 6 2  *0 0 0 0 0 * 0 “ 4 B 5 2 * 0 0 0 0 3 * 1 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0  ' 0 ( 1 0 0 * 0 - 6 ( 0 0 * 0 - ( 1 1 0 * 0 - 6 4 0 0 * 0 4 6 0 0 * 0
o n o o * o - ? a s o *o- 9 5 6 2 * 0 1 4 8 0 * 0 - 0 0 0 0 * 0 - 1 95£  * 0 - 0 0 0 0 * 0 0 0 0 0 * 1 0 0 0 0 * 0 0 0 0 0 * 0 6 ( 0 0 * 0 - £ 1 0 0 * 0 2 0 0 0 * 0 - 4 8 0 0 * 0 6 0 0 0 * 0 -
>1Rrt‘ C CCOO * 0 - 0 0 0 0 * 0 - 0 0 0 0 * 0 - B61£ *0 0 0 0 0 * 0 - 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 1 0 0 0 0 * 0 ( 1 1 0 * 0 - 2 8 0 0 * 0 - 6 6 t 0 * 0 - 4 9 1 0 * 0 » o o * o -
0 0 0 * * 0 9 1 * 1 * 0 4 8 5 2 * 0 - 1 9 5 1 * 0 0 0 0 0 * 0 1 2 0 9 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 OCOOM 6 4 0 0 * 0 - 4 5 0 0 * 0 - 1 9 1 0 * 0 - 1 4 1 0 * 0 9 2 0 0 * 0 -
t f to o  *0 QlCO'O 0 1 0 0 * 0 1 2 0 0 * 0 - 0€ 0 0  * 0 - £ 2 0 0 * 0 - £ t 0 0 * 0 - 6 ( 0 0 * 0 - £ 1 1 0 * 0 - 6 4 0 0 * 0 - 0 0 0 0 * 1 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 3 * 0 4 2 > 2  * 0 -
t f t r  *  ^- CfctO'O- 1 2 0 0 * 0 - 0 > 0 0 * 0 “ > 6 0 0 * 0 - 2 4 0 0 * 0 - 6 ( 0 0 * 0 - ( 1 0 0 * 0 2 9 0 0 * 0 - 4 5 0 0 * 0 - 0 0 0 0 * 0 0 0 0 0 * 1 0 0 0 0 * 0 0 0 0 0 * 0 4 2 0 1 * 0 -
6 6 K . * r - i 9 1 ^ * 0 - 0 ( 0 0 * 0 - > 6 0 0 * 9 - 2 1 1 0 * 0 - 8 0 1 C * 0 - £ 1 1 0 * 0 - 2 9 0 0 * 0 - 6 6 1 0 * 0 - 4 9 1 0 * 0 - 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 3 * 1 0 0 0 0 * 0 3 0 0 0 * 0
1 .910*0 1 8 1 0 * 0 £ 2 0 0 * 0 2 4 0 0 * 0 4 O t 0 * 0 £ 0 1 0 * 0 6 1 0 0 * 0 4 8 0 0 * 0 1 9 1 0 * 0 1 4 1 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 1 9 8 1 V* 0
QROO *0 1 9 0 0 * 0 £ £ 0 0 * 0 > 2 0 0 * 0 € >00  *0 0 1 0 0 * 0 4 6 0 3 * 0 6 0 0 0 * 0 - » 0 0 * 0 - 9 2 0 0 * 0 - 4 2 > 2 * 0 - 4 2 0 1 * 0 - 0 0 0 0 * 0 9 9 1 > * 0 o o o o * t
8 9 0 0 * 0 - » Q 0 40 - 9 2 0 0 * 0 £ ( 0 0 * 0 - ( £ 1 0 * 0 - ( 6 0 0 * 0 - 6 0 0 0 * 0 - 1 4 0 0 * 0 9 ( 1 0 * 0 - 0 0 0 0 * 0 - 4 2 0 1 * 0 - > 0 9 2 * 0 0 0 0 0 * 0 - 0 9 E 1 * 0 0 0 3 0 * 0
? !  i  o ■ r - 8C10 * 0 - SftOO’ O ££  T 0 * 0 - 6 6 1 0 * 0 - 4 9 1 0 * 0 - » o o * o - 9 E t 0 * 0 - 1 > 5 0 * 0 - l i E O ' O - 0 0 0 0 * 0 0 0 0 0 * 0 - 861 £ *0 0 0 0 0 * 0 0 3 3 3 * 0
5P1C*© 1 0 1 0 * 0 0 £ 0 0 * 0 - £ 6 0 0 * 0 1 9 1 0 * 0 1 4 1 0 * 0 9 2 0 0 * 0 0 0 0 0 * 0 4 4 ( 0 * 0 > 6 2 0 * 0 9 0 1 > *  0 - 0 9 £ 1 * 0 - 0 0 3 0 * 0 - 12 Oft*0 0 3 0 0 * 0
OftltVft 8 6 0 0 *  Q 6 1 0 0 * 0 4 1 0 0 * 0 9 1 1 0 * 0 8 9 0 0 * 0 1 6 0 0 * 0 6 0 0 0 * 0 » o o * o - 9 2 0 0 * 0 - 8 6 2 0 * 0 - 9 2 5 1 * 0 - 0 0 0 0 * 0 8 0 0 1 * 0 8 6 1 ( *  0
o o o r  * o - o c c o * o - 4 1 0 0 * 0 6 8 0 0 * 0 > 8 0 0 * 0 - 6 > 0 0  * 0 - 6 0 0 0 * 0 1 4 0 0 * 0 9 1 1 0 * 0 0 9 0 0 * 0 9 2 5 1 * 0 - 9 0 2 1 * 0 - 0 0 0 0 * 0 - 4 b > 1 * 0 0 0 0 0 ■ 0 -
6 M P * f l - i f t i o  *0 - 9 1 1 0 * 0 > 8 0 0 * 0 - 1 > 4 0 * 0 - 4 4 ( 0 * 0 “ » 0 0 * 0 - 9 £ 10 * 0 t > 5 0 * 0 - 4 4 ( 0 * 0 - 0 000*Q 0 0 0 0 * 0 - > 1 0 0 * 0 □ 0 0 0 * 0 0 3 0 0 * 0
i 9 T P * 0 T 510*  0 0 9 0 0 * 0 - 6 > 0 0 * 0 44 £ O * 0 > 6 2 0 * 0 9 2 0 0  *0 0 0 0 0 * 0 - 1 1 ( 0 * 0 > 6 2 0 * 0 0 0 0 1 * 0 - 4 6 > t  * 0 - 0 0 3 3 * 0 - 9 1 > 1 * 0 0 0 0 0 * 0 -
9 T10 *0 8 9 0 0 * 0 B 9 0 0 * 0 0 0 0 0 * 0 - Eft tO 'O - > 8 0 0 * 0 “ £ 1 0 3 * 0 - 6 ( 0 0 * 0 £ 1 1 0 * 0 - 6 4 0 0 * 0 - > 1 0 0 * 0 0 0 0 0 * 0 - 0 0 0 0 * 0 0 0 0 0 * 0 5 6 2 0 * 0 -
ftUOO *0 6ftC04 0 0 0 0 0 * 0 - 0 0 1 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 - 6 ( 0 0 * 0 £ 1 0 0 * 0 2 8 0 0 * 0 1 4 0 0 * 0 0 0 0 0 * 0 - 5 6 E 2 * 0 - 0 0 0 0 * 0 “ 0 5 9 1 * 0 9 2 5 1 * 0
1 > 5 0 ' 0 - 44 ( 0 *0 - ( > ! 0 * 0 - 0 0 0 0 * 0 1 > 5 0 * 0 - 4 4E0*  0 - £ 1 1 0 * 0 - 2 8 0 0 * 0 0 6 1 0 * 0 - 1 9 1 0 * 0 - OOQQ’ O 0 0 0 0 * 0 - > 1 8 0 * 0 0 0 0 0 * 0 0 0 3 0 * 0
i Z 1 0 * 0 > 6 2 0 * 0 > 8 0 0 * 0 0 0 0 0 * 0 4 4 ( 0 * 0 > 6 2 0 * 0 6 4 0 0 * 0 4 5 0 0 * 0 - 1 9 1 0 * 0 1 8 1 0 * 0 0 0 0 0 * 0 - 0 8 1 1 * 0 - 0 0 3 3 * 0 - 9 1 >1 * 0 9 8 0 1 * 0
» 0 0 * 0 - 9 2 0 0 * 0 - £ 1 0 0 * 0 - * £ 0 0 * 0 - E l t O - O - 6 4 0 0 * 0 - 4 > 0 3  * 0 - 0 0 0 0 * 0 - 6 6 0 0 * 0 - 9 4 0 0 * 0 - 0 4 0 1 * 0 9 5 6 2 * 0 0 0 0 0 * 0 4 9 4 2  * 0 - 8 8 0 2  * 0 -
f t f 1 0 * 0 - 0 8 0 0 * 0 ' 6 ( 0 0 * 0 - £ 1 0 0 - 0 2 8 0 0 *  0 - 4 4 0 0 * 0 - 0 0 0 0 * 0 - > 2 0 0 * 0 0 0 0 0 * 0 0 0 0 0 * 0 9 5 * 2 * 0 U 0 O * O - 0 0 0 0 * 0 1 9 4 £ * 0 £ > 6 3 * 0
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2f t 0 . 0 9 4 3 - 0 . 2 0 6 6 0 .  1 7 f t < 0 . 0 0 0 0 - 0 . 0 9 4 3 - 0 * 2 0 6 6 0 . 2 5 8 7 0 . 0 0 0 0 - 0 . 2 9 5 6 0 . 1 0 5 0 0 . 0 0  3 2 0 , 0 0 3 7 - 0 * 0 0 5 1 - 0 . 0 0 3 1 0 . 0 0 3 7
2 5 - O . l l f t O - 0 . 4 1 6 f t 0 . 1 4 1 f t 0 . 0 0 0 0 - 0 . 1 4 9 7 - 0 . 1 0 6 6 0 , 1 4 1 6 0 * 0 0 0 0 • 0 * 1 6 5 0 - o . o o o o 0 * 0 0 7 1 0 . 0 2 2 f t 0 . 0 2 2 4 0 . 0 0 7 1 0 . 0 0 3 6
2 f t - 0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 0 0 . 0 6 1 f t - 0 . 0 0 0 0 0 . 0 0 0 0 - 0 , 0 0 0 0 0 * 0 6 1 4 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 6 5 0 . 0 2 6 2 0 . 0 2 6 2 0 . 0 0 6 5 0 * 0 0 3 0
2 7 0 . 2 6 0 4 - 0 . 1 6 2 7 0 .  1 4 9 7 - 0 . 0 0 0 0 - 0 . 1 2 6 f t - 0 . 1 5 2 f t 0 . 1 6 5 0 0 . 0 0 0 0 - 0 . 2 3 9 5 0 . 0 0 0 0 0 . 0 0 2 2 - 0 * 0 0 6 1 - 0 . 0 0 1 6 0 . 0 0 4 9 0 . 0 0 3 0
2 8 - 0 . 1 8 2 T - 0 . 2 4 2 4 0 . 1 0 6 6 0 . 0 0 0 0 - 0 . 1 5 2 f t - 0 . 0 2 9 5 0 . 0 0 0 0 0.9000 0 , 0 0 0 0 0 . 0 6 1 4 0 . 0 0 5 2 0 . 0 0 6 5 - 0 . 0 1 1 6 - 0 * 0 0 2 9 0 . 0 0 1 0
2 9 0 . 0 0 0 0 0 . 0 0 0 0 0 , 4 0 2 1 0 , 0 0 0 0 - 0 . 4 4 0 1 - 0 . 0 0 0 0 0 . 1 4 1 6 Q . O i ' O Q - 0 , 1 4 9 7 0 . 1 0 6 6 0 . 0 2 2 4 0 . 0 2 2 4 0 * 0 0 7 1 0 . 0 0 3 6 o . o o u
3 0 o . o o o o 0 . 0 0 0 0 - 0 . 0 0 0 0 0 . 3 1 9 1 0 . 0 0 0 0 0 . 0 0 0 0 - 0 , 0 0 0 0 0 . 0 8 1 4 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 2 6 2 0 * 0 2 6 2 0 . 0 0 6 9 0 . 0 0 3 0 0 . 0 0 6 5
3 1 1 . 0 0 0 0 O . O Q O O 0 . 4 4 0 1 0 . 0 0 0 0 - 0 . 3 0 1 6 0 . 0 0 0 0 0 . 1 4 9 7 0 . 0 0 0 0 - 0 . 1 2 8 b 0 .  1 6 2  ft 0 . 0 0 5 f t - 0 . 0 1 1 6 - 0 . 0 0 1 2 0 . 0 0 1 9 0 * 0 0 5 6
3 2 0 . 0 0 0 0 1 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 3 1 9 6 - 0 . 1 0 8 6 0 . 0 0 0 0 0 . 1 9 2 6 - 0 . 0 2 9 5 0 . 0 1 0 3 - 0 * 0 0 2 1 - 0 * 0 0 5 5 - 0 . 0 0 2 f t - 0 . 0 0 0 3
33 0 . 4 4 0 1 0 . 0 0 0 0 I . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 4 0 2 1 0 . 0 0 0 0 - 0 . 1 3 6 0 0 . 4 1 8 b 0 . 0 2 2 4 0 * 0 0 7 1 0 . 0 0 3 6 0 . 0 0 7 1 0 . 0 2 2 4
3ft 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 1 * 0 0 0 0 0 . 0 0 0 0 0 , 0 0 0 0 “ 0 . 0 0 0 0 0 . 3 1 9 6 0 . 0 0 0 0 0 . 0 0 0 0 0 * 0 2 6 2 0 . 0 0 6 3 0 . 0 0 3 0 0 . 0 0 6 5 0 . O 2 6 2
3 5 - 0 . 1 0 1 8 O . C Q O O 0 . 0 0 0 0 0 * 0 0 0 0 1 . 0 0 0 0 0 . 0 0 0 0 0 . 1 3 6 0 0 . 0 0 0 0 0 . 2 6 0 4 0 . 1 6 2 7 - 0 . 0 0 5 f t “ 0 . 0 0 5 6 - 0 * 0 0 1 9 0 . 0 0 1 2 0 . 0 1 1 6
3b 0 . 0 0 0 0 0 . 3 1 9 6 0 . 0 0 0 0 0  * 0 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0 - 0 . 4 1 6 6 0 . 0 0 0 0 0 .  1 6 2 7 - 0 . 2 4 2 5 0 . 0 1 0 3 - 0 . 0 0 0 5 - 0 , 0 0 2 6 - 0 , 0 0 5 5 - 0 , 0 0 2 1
3 7 0 . 1 4 9 T - 0 . 1 0 6 6 0 . 4 0 2 1 - 0 * 0 0 0 0 0 * 1 ) 6 0 - 0 . 4 1 8 6 1 . 0 0 0 0 0 , 0 0 0 0 0 * 0 0 0 0 0 . 0 0 0 0 0 . 0 0 7 1 0 . 0 0 3 6 0 . 0 0 7 1 0 . 0 2 2 4 0 * 0 2 2 4
3 8 0 . 0 0 0 0 0 . 0 0 0 0 o . o o o o 0 * 3 1 9 8 0 . 0 0 0 0 0 . 0 0 0 0 0 , 0 0 0 0 I . 0 0 0 0 0 * 0 0 0 0 0 . 0 0 0 0 0 * 0 0 6 5 0 . 0 0 3 0 0 . 0 0 6 5 0 . 0 2 6 2 0 , 0 2 6 7
3 9 - 0 . 1 2 8 6 0 . 1 5  2 6 - O . l l f t O 0 * 0 0 0 0 0 . 2 4 0 4 0 . 1 8 2 7 0 . 0 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0 0 . 0 0 0 0 • 0 . 0 0 2  2 - 0 . 0 0 3 0 - 0 . 0 0 4 9 0 . 0 0 1 6 0 * 0 0 8 1
f t O 0 . 1 4 2 f t - 0 . 0 2 9 5 0 . 4 1 6 f t 0 . 0 0 0 0 0 . 1 8 2 7 - 0 * 2 4 2 5 0 . 0 0 0 0 0 . 0 0 0 0 o . o o o o 1 . 0 0 0 0 0 . 0 0 5 2 0 . 0 0 1 0 - 0 * 0 0 2 9 - 0 . 0 1 1 6 0 . 0 0 8 5
ftl 0 . 0 0 4 6 0 . 0 1 0 3 0 . 0 2 2 4 0 . 0 2 6 2 - Q . Q O S f t 0 . 0 1 0 3 Q . 0 0 7 L 0 . 0 0 6 5 - 0 * 0 0 2 2 0 . 0 0 5  2 1 . 0 0 0 0 0 . 0 9 1 6 0 . 0 0 6 6 0 . 0 0 8 6 0 , 0 9 1 8
f t 2 - 0 . C l i f t - 0 . 0 0 2 1 0 . C 0 7 1 0 . 0 0 6 5 - 0 . 0 0 5 f t - 0 . 0 0 0 5 0 . 0 0 3 6 0 . 0 0 3 0 - 0 . 0 0 3 0 0 . 0 0 1 0 0 . 0 9 1 6 1 . 0 0 0 0 0 . 0 9 1 8 0 . 0 0 8 6 0 * 0 0 8 6
ft l - 0 . 0 0 1 2 - 0 . 0 0 5 5 0 . 0 0 3 8 0 . 0 0  3 0 - 0 . 0 0 1 9 - 0 . 0 0 2 6 0 * 0 0 7 1 0 . 0 0 6 5 - 0 . 0 0 4 9 - 0 . 0 0 2 9 0 . 0 0 6 f t 0 . 0 9 1 6 1 . 0 0 0 0 0 . 0 9 1 8 0 . 0 0 8 6ftft 0 . 0 0 1 9 - Q . 0 0 2 6 O . C 0 7 1 0 . 0 0 6 5 0 . 0 0 1 2 - 0 . 0 0 5 5 0 . 0 2 2 4 0 . 0 2 6 2 O . O O t f t “ 0 . 0 1 1f t 0 . 0 0 8 f t 0 . 0 0 8 6 0 . 0 9 1 8 I , 0 0 0 0 U . 0 9 1 8ftft O . O O f t f t - 0 . 0 0 0 4 0 . 0 2 2 4 0 , 0 2 6 2 0 . 0 1 1f t - 0 . 0 0 2 1 0 . 0 2 2 4 0 . 0 2 6 2 0 . 0 0 6 1 0 . 0 0 6 5 0 * 0 9 1 6 0 . 0 0 8 6 0 , 0 0 8 6 0 * 0 9 1 8 1 . 0 0 0 0ftft 0 . 0 0 9 7 - 0 . 0 4  5 0 0 . 0 3 4 4 - 0 . 0 0 0 0 - 0 * 0 0 9 7 - 0 . 0 4 5 0 0 , 1 5 6 4 - 0 . 0 0 0 0 - 0 . 1 0 3 4 - 0 . 1 7 3 4 0 , 0 0 1 1 0 . 0 0 3 3 0 . 0 2 5 3 0 . 0 2 5 3 0 . 0 0 3 3f t ? - 0 .  1 3 2 9 - 0 . 1 5 1 9 0 . 0  3  5f t - 0 , 0 0 0 0 - 0 . 0 1 9 6 - 0 * 0 2 3 2 0 . 0 3 3 4 - 0 . 0 0 0 0 - 0 . C 4 5 6 - 0 . 0 0 * 6 0 . 0 0 3 3 0 . 0 2 5 3 0 . 0 2 5 3 0 . 0 0 3 3 O . O O U
f t l - 0 . 3 0 4 0 0 . 4 1 8 4 0 . 1 5 6 4 - 0 . 0 0 0 0 - 0 . 1 6 4 6 0 . 0 7 9 5 0 . 0 3 5 4 - 0 . 0 0 0 0 - 0 . 0 3 4 3 0 . 0 3 0 7 0 . 0 2 5 3 0 . 0 2 9 3 0 * 0 0 3 3 o . o o u 0 . 0 0 3 34 9 0 . 1 8 4 6 0 . 0 7 9 5 0 . 4 6 4 1 - 0 . 0 0 0 0 0 . 3 0 4 0 0 * 4 1 6 4 0 * 1 5 6 5 - 0 . 0 0 0 0 0 . 0 1 8 3 0 . 2 0 1 0 O . 0 2 5 3 0 . 0 0 3 3 o . o o u 0 . 0 0 3 3 0 . 0 2 5 3
5 0 0 . 0 3 9 6 - 0 . 0 1 3 2 0 . 1 5 8 5 -O .O O J O 0 . 1 3 2 9 - 0 .  1 5 1 9 0 * 5 6 5 0 - 0 . 0 0 0 0 0 . 4 9 1 6 - 0 . 1 5 9 6 0 . 0 0 3 3 0 . 0 0 1 1 0 * 0 0 3 3 0 . 0 2 5 3 0 . 0 2 5  3
5 1 0 . 0 7 0 9 - 0 . 0 9 7 6 0 . 0 4 9 f t 0 . 0 1 3 f t - 0 . 0  7 0 9 - 0 . 0 9 7 6 0 , 0 5 9 4 0 * 0 1 3 6 - 0 , 1 1 4 6 0 , 0 3 7 3 0 . 0 0 0 8 0 . 0 0 0 6 0 * 0 0 0 8 0 . 0 0 0 8 0 * 0 0 0 8
5 2 - 0 . 0 3 9 6 - 0 . 0 6 7 3 - 0 . 0 4 6 9 - 0 . 0 7 7 f t - 0 . 0 3 9 8 0 . 0 6 7 3 - 0 . 0 9 9 4 - 0 . 1 2 5 6 0 .  C 3 9 2 - 0 . 0 4 1 f t “ 0 . 0 0 0 0 - 0 . 0 3 1 0 - 0 . 0 1 9 2 0 . 0 1 4 2 0 * 0 3 1 0
S3 - 0 . 0 4 6 9 - 0 . 0 3 9 0 “ 0 . 0 1 1 2 - 0 * 0 2 1 9 0 . 0 4 6 9 - 0 , 0 1 9 0 0 . 0 2 9 3 0 . 0 5 7 2 0 . 0 2 1  ft 0 . 0 3 2 6 “ 0 . 0 2 2 4 0 . 0 1 8 1 - 0 . 0 0 6 9 “ 0 , 0 0 6 9 0 . 0 1 8 1
5f t - 0 . 0 6 7 3 0 . 0 0 3 9 - 0 . 0 8 1 1 - 0 . 1 0 6 6 0 . 0 6 7 3 0 . 0 0 3 9 0 . 0 3 1 0 0 . 0 4 0 6 - 0 . 0 4 1 b - 0 . 0 7 5 2 0 . 0 3 2 6 0 . 0 1 0 1 - 0 , 0 2 6 4 - 0 . 0 2 6 4 0 . 0 1 0 1
55 0 . 0 2 3 3 0 . 0 0 1 6 0 * 0 3 4 4 0 . 0 6 7 9 0 . 0 2 3 1 - 0 . 0 0 1 6 “ 0 , 0 2 1 3 - 0 . 0 4 1 6 0 . C 0 8 7 0 . 0 6 1 f t “ 0 , 0 0 0 0 - 0 . 0 1 3 2 0 . 0 2 1 3 - 0 . 0 2 1 3 0 * 0 1 1 2
1 6  I T  1 «  1 9  5 0  5 1  5 2  1 3  5 1  5 5
1 0 . 0 0 1 8 o . o o u 0 * 0 2 2 4 0 . 0 2 2 4 0 . 0 0 7 1 0 . 0 5 9 4 - 0 . 0 0 0 0 - 0 . 0 3 6 2 0 ,  1 0 0 3 - O . O O O O
2 - 0 . 0 0  3 0 - 0 . 0 0 6 5 - 0 * 0 2 6 2 - 0 . 0 2 6 2 - 0 . 0 0 6 5 - 0 . 0 1 3 6 o . o o o o 0 , 0 7 0 7 - 0 , 1 3 2 1 0 . 0 0 0 0
7 0 . o o o o • 0 . 0 0 4 3 • 0 * 0 1 0 6 0 , 0 1 0 6 0 . 0 0 4 ) 0 . 0 0 0 0 0 . 0 6 6 7 0 . 0 0 0 0 - O . C O O O 0 . 0 6 4 0
4 - 0 , 0 0 3 2 - 0 . 0 0 3 7 0 , C O S  I 0 , 0 0 5 1 - 0 . 0 0 3 7 - 0 . 1 2 0 7 - 0 * 0 0 0 0 - 0 . 0 1 3 0 - 0 * 0 5 2 7 - 0 , 0 0 0 0
5 0 * 0 0 7 1 0 . 0 2 2 4 0 * 0 2 2 4 0 * 0 0 7 1 0 * 0 0 ) 8 0 . 0 5 9 4 • 0 . 0 9  5 4 0 . 0 2 9 3 0 , 0 3 1 0 - 0 . 0 2 1 3
ft - 0 * 0 0 6 5 - 0 . 0 2 6 2 - 0 . 0 2 6 2 - 0 * 0 0 6 9 - 0 . 0 0 3 0 - 0 . 0 1 3 6 0 * 1 2 5 6 • 0 , 0 5 7 2 - 0 * 0 4 0 8 0 . 0 4 1 6
7 0 . 0 0 2 2 - 0 * 0 0 6 1 - 0 . 0 0 1 6 0 * 0 0 4 9 0 . 0 0 3 0 0 . 1 1 4 6 - 0 . 0 ) 9 2 - 0 * 0 2 1 6 0 . 0 4 1 f t - 0 * 0 0 8 7
8 • O . O C 5 2 - 0 . 0 0 8 5 0 . 0 1 1 6 0 . 0 0 2 9 - 0 . 0 0 1 0 - 0 . 0 3 7 ) 0 * 0 4 1 6 - 0 . 0 3 2 5 0 * 0 7 5 2 - 0 . 0 5 1 6
9 0 * 0 2 2 4 0 . 0 2 2 4 0 . C C 7 1 0 . 0 0 3 8 0 , 0 0 7 1 0 . 0 5 9 4 - 0 * 0 5 8 9 - 0 . 0 1 1 2 - 0 , 0 8 1 1 0 . 0 ) 4 4
1 0 - 0 . 0 I f c  2 - 0 . 0 2 6 2 - 0 . 0 0 6 5 - 0 , 0 0 3 0 - 0 . 0 0 6 5 - 0 . 0 1 ) 6 0 . 0 7 7 6 0 * 0 2 1 9 0 *  1 0 6 8 - 0 . 0 6 7 3
i i 0 . 0 0 5 f t - 0 . 0 1 1 6 - 0 . 0 0 1 2 0 , 0 0 1 9 0 . 0 0 5 f t 0 . 0 7 0 9 0 . 0 ) 9 8 - 0 , 0 4 6 9 • 0 . C 6 7 ) - 0 * 0 2 3 3
1 2 “ 0 . C I 0 3 0 . 0 0 2 1 0 . C C 5 5 0 . 0 0 2 6 0 . 0 0 0 5 0 . 0 9 7 6 - 0 . 0 6 7 3 0 . 0 3 9 0 • 0 * 0 0 3 9 0 . 0 0 1 6
1 3 0 . 0 2 2 4 0 . 0 0 7 1 0 . 0 0 3 8 0 , 0 0 7 1 0 . 0 2 2 4 0 . 0 5 9 4 0 . 0 5 6 9 “ 0 . 0 1 1 2 - 0 . 0 8 1 1 - 0 . 0 3 4 4
1 4 - 0 . 0 2 6 2 - 0 . 0 0 6 5 • 0 . 0 0 3 0 - 0 . 0 0 6 5 - 0 . 0 2 6 2 - 0 , 0 1 3 6 - 0 . 0 7 7 6 0 * 0 2 1 9 0 .  1 0 6 6 0 . 0 6 7 3
1 5 - 0 * 0 0 5 6 • 0 . 0 0 5 f t - 0 . 0 0 1 9 0 . 0 0 1 2 0 . 0 1 1 6 - 0 . 0 7 0 9 0 . 0 3 9 6 0 * 0 4 6 9 0 . C 6 7 3 0 . 0 2 3 3
1f t - 0 . 0 1 0 3 0 * 0 0 0 5 0 . C C 2 6 0 * 0 0 5 5 0 . 0 0 2 1 0 . 0 9 7 6 0 . 0 6 7 ) 0 , 0 3 9 0 - 0 . 0 0 3 9 - 0 . 0 0 1 6
1 7 0 , 0 0 7 1 0 * 0 0 ) 8 0 . 0 0 7  1 0 . 0 2 2 4 0 . 0 2 2 4 0 . 0 5 9 4 0 . 0 9 5 4 0 . 0 2 9 ) 0 * 0 3 1 0 0 . 0 2 1 )
1 6 - 0 . 0 0 6 5 - 0 . 0 0 3 0 - 0 * 0 0 6 5 - 0 , 0 2 6 2 • 0 . 0 2 6 2 “ 0 . 0 1 3 6 - 0 . 1 2 5 6 - 0 , 0 5 7 2 - 0 . 0 4 0 8 “ 0 . 0 4 1 6
1 9 - 0 * 0 0 2 2 - 0 . 0 0 3 0 - 0 . Q O 4 9 0 * 0 0 1 6 0 * 0 0 8 1 - 0 . 1 1 4 8 - 0 . 0 3 9 2 0 * 0 2 1 6 - 0 * 0 4 1 6 - 0 , 0 0 8  7
2 0 - 0 . 0 0 5 2 - 0 . 0 0  I Q 0 . C C 2 9 0 * 0 1 1 6 - 0 . 0 0 8 5 - 0 . 0 3 7 3 - 0 , 0 4 1 f t - 0 * 0 3 2 5 0 . 0 7 5 2 0 . 0 5 1 6
2 1 0 . 5 6 5 1 0 , 1 5 8 5 0 * 0 3 3 4 0 . 0 3 5 4 0 .  1 5 8 5 0 , 0 5 9 4 0 , 0 0 0 0 • 0 , 0 3 6 2 0 *  1 0 0 3 0 . 0 0 0 0
7 2 - C . O O C D - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 , 0 0 0 0 0 , 0 1 3 6 0 . 0 0 0 0 - 0 . 0 7 0 7 0 * 1 1 2 1 0 . 0 0 0 0
2 3 O . O Q O O “ 0 *  1 9 6 9 - 0 . 0 1 8 6 0 . Q 1 8 6 0 , 1 9 6 9 0 . 0 0 0 0 - 0 . 0 8 8 7 o . o o o o - O . C O O O - 0 * 0 6 4 0
7 4 • 0 . 5 1 7 1 0 . 0 4 4 8 0 . C 4 2 1 0 * 0 4 2 1 0  . 0 4 4 8 0 . 1 2 0 7 “ 0 . 0 0 0 0 0 , 0 1 3 0 0 * 0 5 2 7 - 0 . 0 0 0 0
7 5 0 .  1 5 6 5 0 . 5 6 5 0 0 *  1 5 8 5 0 . 0 3 5 4 0 . 0 3 5 4 0 . 0 5 9 4 0 , 0 9 5 4 0 * 0 2 9 3 0 . 0 3 1 0 0 . 0 2 1 1
7 f t - 0 , 0 0 0 0 - 0 , 0 0 0 0 • 0 . 0 0 0 0 - 0 . 0 0 0 0 • 0 . 0 0 0 0 0 . 0 1 ) 6 0 . 1 2 5 6 0 * 0 ) 7 2 0 * 0 4 0 8 0 , 0 4 1 6
2 7 0 .  1 0  3 4 • 0 . 4 9 1 8 - 0 * 0 1 8 3 0 . 0 3 4 ) 0 . 0 4 5 8 0 . 1 1 4 8 0 . 0 3 9 2 - 0 . 0 2 1 6 0 . C 4 1 6 0 . 0 0 8 7
? 8 - 0 .  1 7 J 4 “ 0 . 1 5 9 6 0 . 2 0 1 0 0 . 0 ) 0 7 • 0 * 0 0 4 6 0 . 0 ) 7 3 0 . 0 4 1 6 0 * 0 3 2 9 - O . C 7 5 2 - 0 . 0 5 1 f t
2 9 0 . 0 3 5 4 0 , 1 5 8 5 0 . 5 6 5  1 0 .  1 5 8 5 0 . 0 3 5 4 0 . 0 5 9 4 0 . 0 5 8 9 • 0 * 0 1 1 2 - o . c e u - 0 , 0 1 4 4
1 0 - o . c c o o - 0 . 0 0 0 0 - o . c c o o - 0 . 0 0 0 0 - 0 * 0 0 0 0 0 . 0 1 ) 6 0 . 0 7 7 f t - 0 , 0 2 1 9 • 0 * 1 0 6 6 - 0 . 0 6 7 3
31 0 * 0 0 9 7 - 0 .  1 3 2 9 - 0 * 3 0 4 0 0 * 1 8 5 6 0 . 0 3 9 8 0 . 0 7 0 9 - 0 , 0 3 9 8 - 0 . 0 4 6 9 • 0 . 0 b 7 3 0 . 0 2 ) 3
3 2 - 0 . 0 4 5 0 - 0 , 1 5 1 9 0 *  4 1 8 4 0 . 0 7 9 5 • 0 * 0 2 3 2 - 0 . 0 9 7 6 “ 0 . 0 6 7 3 - 0 . 0 3 9 0 0 . 0 0 3 9 0 , 0 0 1 6
3 3 0 * 0 3 5 4 c . n i 5 4 0 * 1 5 8 3 0 . 5 6 5 1 0 . 1 5 6 5 0 . 0 5 9 4 - 0 . 0 5 8 9 • 0 . 0 1 1 2 - 0 . C 6 U 0 . 0 3 4 4
1 4 - o . c o c o - 0 . 0 0 0 0 - o . c c o o - 0 , 0 0 0 0 - 0 * 0 0 0 0 0 , Q l ) 6 - 0 * 0 7 7 6 - 0 . 0 2 1 9 - 0 . 1 0 6 8 0 * 0 6 7 )
1 5 - C . 0 0 9 7 - 0 . 0 3 9 8 - 0 ,  1 8 5 6 0 . 3 0 4 0 0 . 1 3 2 9 - 0 . 0 7 0 9 - 0 . 0 3 9 8 0 . 0 4 6 9 0 . 0 6 7 3 0 * 0 2 3 1
1 6 • 0 , 0 4  5 0 - 0 . 0 2 3 2 0 , 0 7 9 5 0 . 4 1 8 4 - 0 . 1 5 1 9 - 0 * 0 9 7 6 0 . 0 6 7 3 - 0 . 0 ) 9 0 . O . C 0 3 9 - 0 , 0 0 1 6
3 7 0 .  1 5 8 5 0 . 0 3 5 4 0 * 0 3 4 0 .  1 5 8 5 0 . 5 6 5 0 0 * 0 ) 9 4 - 0 . 0 9 5 4 0 . 0 2 9 ) o .  c ) i c - 0 . 0 2 1 )
3 8 - O . O C C Q - 0 . 0 0 0 0 • O . C C O O - O . O Q O O • 0 . 0 0 0 0 0 * 0 1 3 6 - 0 . 1 2 5 6 0 . 0 5 7 2 0 . 0 4 0 8 - 0 * 0 4 1 6
1 9 - 0 .  1 0  1 4 - 0 . 0 4 5 8 - 0 . 0 3 4 ) 0 . 0 1 8 3 0 . 4 9 1 8 - 0 ,  1 1 4 8 0 . 0 3 9 2 0 . 0 2 1 6 - 0 . 0 4 1 6 0 . 0 0 8  7
4 0 • 0 . 1 T 3 4 - 0 . 0 0 4 6 0 . 0 ) 0 7 0 . 7 0 1 0 - 0 , 1 5 9 8 0 . 0 3 7 3 - 0 . 0 4 1 6 0 . 0 ) 2 5 - 0 . C 7 5 2 0 , 0 5 1 6
4 1 0 . 0 0 1 1 0 . 0 0 3 ) 0 . 0 2 3 ) 0 . 0 2 5 ) 0 . 0 0 3 ) 0 . 0 0 0 8 - 0 . 0 0 0 0 - 0 , 0 2 2 4 0 . 0 2 6 - o . o o o o
4 7 0 . C 0 3 3 0 . 0 2 5 ) 0 . 0 7 9 ) 0 . 0 0 ) 3 o . o o u 0 , 0 0 0 8 - 0 . 0 3 1 0 0 . 0 1 8 1 o . o i o i - 0 , 0 1 ) 2
4 3 0 . 0 2 5 3 0 . 0 2 3 3 0 . 0 0 ) ) O . O O U 0 , 0 0 ) 3 0 . 0 0 0 6 - 0 . 0 1 9 2 - 0 . 0 0 6 9 - 0 . 0 2 6 4 0 . 0 2 1 )
4 4 0 . 0 2 5 3 0 * 0 0 3 ) 0 . 0 0  1 1 0 . 0 0 9 ) 0 . 0 2 5 3 0 . 0 0 0 6 0 . 0 1 9 2 - 0 , 0 0 6 9 - 0 , C 2 6 4 - 0 . 0 2 1 3
4 5 0 . 0 0 3 3 O.OOLl 0 . C O 3 ) 0 . 0 2 3 ) 0 . 0 2 5 ) 0 . 0 0 0 8 0 . 0 ) 1 0 0 . 0 1 8 1 O . C l O l 0 . 0 1 ) 2
4 f t I . C O C C 0 * 0 9 1 6 O.OC86 0 *  0 0 8 6 0 * 0 9 1 6 0 . 0 0 0 6 0 . 0 0 0 0 - 0 . 0 2 2 4 0 , 0 1 2 6 0 . 0 0 0 04 ? 0 * 0 9 1 8 1 . 0 0 0 0 0 . C 9 1 B 0 . 0 0 8 f t 0 , 0 0 6 6 0 . 0 0 0 8 0 * 0 3 1 0 0 . 0 1 8 1 0 . 0 1 0 1 0 . 0 1 3 2
4 6 0 . 0 0 8 6 0 * 0 9 1 8 1 , 0 0 0 0 0 * 0 9 1 1 0 . 0 0 8 6 0 . 0 0 0 8 0 . 0 1 9 2 • 0 . 0 0 6 9 - 0 . C 2 6 4 - 0 . 0 2 1 34 9 0 . 0 0 8 6 0 . 0 0 8 6 0 . C 9 1 I 1 . 0 0 0 0 0 . 0 9 1 8 0 * 0 0 0 6 - 0 . 0 1 9 2 • 0 . 0 0 6 9 • 0 . 0 2 6 4 0 . 0 2 1 3
5 0 0 . C 9  I B 0 , 0 0 0 6 0 , 0 0 8 6 0 . 0 9 1 8 1 , 0 0 0 0 0 . 0 0 0 8 - 0 * 0 3 1 0 0 * 0 1 8 1 O . O I O L • 0 . 0 1 3 2
5 1 0 . 0 0 0 8 0 . 0 0 0 8 0 . 0 0 0 8 0 , 0 0 0 8 0 . 0 0 0 6 1 . 0 0 0 0 0 , 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
5 2 0 . 0 0 0 0 0 . 0 3 1 0 0 , 0 1 9 2 - 0 . 0 1 9 2 - 0 , 0 3  1 0 0 . 0 0 0 0 1 . 0 0 0 0 0 . 0 0 0 0 0 * 0 0 0 0 0 . 0 0 0 0
5 3 - 0 . 0 7 2 4 0 . 0 1 6 1 • 0 . C 0 6 9 - 0 . 0 0 6 9 0 . 0 1 6 1 0 , 0 0 0 0 0 . 0 0 0 0 l . O Q O O 0 . 0 0 0 0 0 . 0 0 0 05 4 0 . 0 2 6 0 . 0 1 0 1 - 0 . 0 2 6 4 - 0 , 0 2 6 4 0 , 0 1 0 1 o . o o o o 0 . 0 0 0 0 0 , 0 0 0 0 1 . 0 0 0 0 0 . 0 0 0 0
5 5 0 . 0 0 0 0 0 * 0 1 3 2 - 0 , 0 2 1 3 9 . 0 2 1 3 - 0 . 0 1 ) 2 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0
TABLE VI
FERROCENE HAMILTONIAN INTERACTION MATRIX 
Basis Set (ii)
26
1 2 3 4 5 6  7 ft 9 10 I I  12 13 14 15
1 - 2 0 . 1 2 4 0 - 0 . 0 0 0 0 -O.COOO - 0 . 0 0 0 0 * 1 2 . 9 3 2 5 0 . 0 0 0 0 - 6 , 5 3 5 3 - 6 . 2 0 1 4 - 5 . 2 9 7 5 0 . 0 0 0 0 - 1 . 5 9 4 6 - 4 . 9 0 0 4  - 5 . 2 9 7 5 0 . 0 0 0 0 L . 5 9 4 8
t - 0 . 0 0 0 0 “ 10* 6 0 7 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 5 . 6 9 9 4 - 0 , 0 0 0 0 0 * 0 0 0 0 - 0 . 0 0 0 0 - 1 . 6 5 6 5 - 0 . 0 0 0 0 0 . 0 0 0 0  - 0 . 0 0 0 0 - 1 . 6 5 6 3 - 0 . 0 0 0 0
\ - 0 * 0 0 0 0 - o . o o o o - - 1 0 . 6 0 7 0 - 0 . 0 0 0 0 6 . 5 3 5 5 - 0 . 0 0 0 0 1 , 5 6 9 3 5 . 2 9 5 6 1 * 5 9 4 8 - 0 . 0 0 0 0 - 1 * 0 7 1 3 1 , 6 0 1 1  - 1 . 5 9 4 6 • 0 * 0 0 0 0 - 1 . 0 7 1 3
4 - 0 . 0 0 0 0 - 0 . 0 0 0 0 -O .O Q O O -1 0 , 6 0 7 0 6 * 2 0 1 4 0 , 0 0 0 0 3 , 2 9 5 6 - U 6 5 2 0 4 . 9 0 6 4 0 . 0 0 0 0 1 . 6 0 1 1 3 . 8 6 6 5  4 , 9 0 0 4 - 0 . 0 0 0 0 - 1 . 8 0 1 1
5 - 1 1 . 9 1 2 5 - 0 . 0 0 0 0 6 . 5 3 3 5 6 . 2 0 1 4 - 2 0 . 1 2 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - • 1 2 . 9 3 2 5 0 * 0 0 0 0 3 ,  26Q3- 1 0 . 0 3 4 1  - 5 * 2 9 7 4 O.OQOO 4 . 1 7 5  3
4 0 . 0 0 0 0 - 3 , 6 9 9 4 - 0 , 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 0 - • 1 0 . 6 0 7 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 5 . 6 9 9 4 - o . o o o o - 0 . 0 0 0 0  * 0 . 0 0 0 0 - 1 . 6 5 6 5 - 0 . 0 0 0 0
7 - 6 . 5 5 5 5 - 0 . 0 0 0 0 1 . 5 6 9 1 5 * 2 9 5 6 - 0 . 0 0 0 0 - 0 * 0 0 0 0 ' - 1 0 . 6 0 7 0 - 0 . 0 0 0 0 - 3 . 2 6 0 1 - 0 . 0 0 0 0 • 4 . 6 3 6 0 - 3 * 2 7 2 0  - 4 * 1 7 5 3 - 0 . 0 0 0 0 2* 3 3 4 5
• - 4 * 2 0 1 4 0 . 0 0 0 0 5 * 2 9 3 6 - 1 . 6 3 2 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - o . o o o o - • 1 0 * 6 0 7 0 1 0 . 0 3 4 1 - 0 , 0 0 0 0 * 3 . 2 7 2 0 4 , 3 7 3 4  3 . 0 3 3 5 • 0 . 0 0 0 0 - 2 . 9 1 4 1
9 - 5 * 2 9 7 5 - 0 . 0 0 0 0 1 * 3 9 4 6 4 . 9 0 6 4 - 1 2 . 9 3 2 5 - 0 . 0 0 0 0 - 3 . 2 6 0 3 1 0 . 0 3 4 1 - 2 0 . 1 2 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 1 2 . 9  32 4 0 . 0 0 0 0 1 0 . 5 5 0 5
10 0 . 0 0 0 0 - 1 . 6 3 6 5 - 0 . 0 0 0 0 0 . 0 0 0 0 0 * 0 0 0 0 - 5 * 6 9 9 4 - 0 . 0 0 0 0 - 0 * 0 0 0 0 - 0 . 0 0 0 0 * 1 0 . 6 0 7 0 - 0 , 0 0 0 0 - 0 . 0 0 0 0  * 0 . 0 0 0 0 • 5 . 6 9 9 4 0 * 0 0 0 0
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22 0 . 0 0 0 0 0 * 0 0 0 0 0 . 0 0 0 0  0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 2 1 6 0 - 0 . 0 0 0 0 1 * 4 1 4 5 - 2 . 6 1 8 4 - o . o o o o
21 “ O.OOOO 4 . 1 7 9 8 0 . 4 4 8 7  “ 0 . 4 4 0 7 - 4 * 3 7 9 8 “ 0 , 0 0 0 0 1 . 8 0 6 1 - 0 . 0 0 0 0 o . c o o o 1 . 3 0 1 0
24 9 * 4 6 8 7 “ 0 . 9 9 5 9 - I  . 0 1 6 6  - 1 . 0 1 8 6 - 0 . 9 9 5 9 * 2 . 4 2 7 1 0 . 0 0 0 0 - 0 . 2  62 5 - 1 , 0 2 3 0 0 . 0 0 0 0
25 “ 5 . 0 0 1 2 - 1 3 . 0 9 2 6 - 5 . C C 1 2  - 1 . 1 9 1 0 “ 1 . 1 9 1 0 - 1 , 7 3 0 9 - 2 . 7 8 0 8 - 0 . 0 5 3 3 “ 0 . 9 0 ) 5 - 0 . 6 1 9 9
26 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0  n . 0 0 0 0 0 . 0 0 0 0 - 0 . 2 1 6 0 - 2 . 4 9 0 2 -  1 . 1 4  44 - 0 . 8 0 9 1 “ 0 . 0 1 1 4
27 - ? *  3 0 0 6 9 . 0 2 4 ? 0 . 4 0 6 1  “ C . 8 1 0 1 -  I . 1 0 7 4 - 2 .  108 3 - 0 , 7 5 2 0 0 . 4 5 4 0 - 0 . 8 3 1 4 - 0 . 1 6 7 0
26 3 * 6 5 7 7 2 , 9 3 2 2 “ 4 , 4 7 1 2  - 0 . 7 4 1 5 0 * 1 1 2 0 “ 0 . 7 5 0 0 “ 0 . 8 3 1 4 - 0 , 6 5 7 0 1 . 5 ) 5 9 1 * 0 5 3 9
2 9 - 1 . 1 9 1 0 “ 5 , 0 0 1 2 - 1 3 . 8 9 2 6  - 5 . 0 0 1 2 - 1 ,  1410 - 1 , 7 3 0 9 - 1 . 7 1 0 6 0 . 3 2 5 9 2 . 1 6 5 3 1 . 0 0 3 1
10 0 . 0 0 0 0 0 . 0 0 0 0 0 , 0 0 0 0  0 , 0 0 0 0 0 * 0 0 0 0 - 0 . 2 1 6 0 - 1 . 5 1 9 0 0 . 4 3 7 1 2 .  1 1 8 ) 1 . 3 4 3 3
11 - 0 . 2 3 5 7 2 . 9 5 7 9 5 - 5 7 7 2  - 4 . 1 2 0 T - 0 . 9 6 1 1 - 1 . 4 2 6 6 0 . 8 2 8 6 0 . 9 5 1 ? l . ) 4 5 ) - 0 * 4 8 ) 7
12 1 . 0 8  T8 3 ,  1001 - 7 . 6 7 6 5  “ 1 * 7 6 8 7 0 , 5 6 0 1 1 . 9 6 1 5 1 . 3 4 5 3 0 . 7 9 9 0 • 0 , 0 4 3 6 - 0 . 0 1 9 )
13 “ 1 .  19 10 “ 1 . 1 9 1 0 - 5 * 0 0 1 2 - 1 3 * 8 9 2 6 - 5 . 0 0 1 2 - 1 . 7 1 0 9 1 . 7 1 8 6 0 . 1 2 5 9 2 . 1 6 5 5 - 1 . 0 0 3 1
34 0 . 0 0 0 0 O.COOO 0 * 0 0 0 0  0 , 0 0 0 0 0 . 0 0 0 0 - 0 . 2 ) 6 0 1 . 5 ) 9 0 0 * 4 ) 7 1 2 . 1 1 8 3 - 1 *  3 4 5 3
35 0 . 2 3 5 7 0 . 96  17 4 . 1 2 0 7  - 5 . 5 7 7 2 - 2 . 9 3 7 9 1 . 4 2 6 6 0 * 0 2 0 6 - 0 . 9 5 1 2 - 1 . 3 4 3 3 - 0 . 4 0 1 7
36 1 * 0 0 7 8 0 * 5 6 0 1 - 1 . 7 6 8 7  - 7 . 6 7 4 5 3 . 3 0 0 1 1 . 9 6 1 3 “ 1 * 1 4 5 3 0 . 7 9 9 0 - 0 * 0 4 3 6 0 . 0 1 9 1
37 - 5  .CO 12 - 1 . 1 9 1 0 - 1 *  1 910  - 5 . 0 0 1 2 - 1 3 . 6 9 2 6 - 1 . 7 ) 0 9 2 . 7 8 0 0 “ 0 * 8 3 3 3 - 0 * 9 0 3 5 0 . 6 1 9 9
lb 0 . 0 0 0 0 0 * 0 0 0 0 0 . 0 0 0 0  0 * 0 0 0 0 0 , 0 0 0 0 “ 0 . 2 3 6 0 2 , 4 9 0 2 - I . 1 4 4 4 - 0 * 0 0 9 1 0 . 6 3 1 4
19 2 . 3 0 0 6 I*  1074 0 . 8 3 0 1  - 0 . 4 0 6 3 - 9 . 0 2 4 2 2 . 3 0 6 ) - 0 . 7 5 2 8 - 0 . 4 5 4 0 0 . 8 3 1 4 “ 0 * 1 6 7 0
40 3 * 0 5 7 7 0 .  1120 - 0 . 7 4 1 5  - 4 * 4 7 1 2 2 . 9 ) 2 2 - 0 . 7  5 0 0 0 * 8 1 1 4 - 0 * 6 5 7 8 1 , 6 ) 5 9 - 1 * 0 5 3 9
41 - 0 , 0 3 2 4 “ 0 . 0 9 1 6 - 0 . 7 0 7 8  - 0 . 7 0 7 0 “ 0 . 0 9 ) 6 - 0 . 0 1 9 1 0 , 0 0 0 0 0 * 5 5 0 0 - 0 . 8 1 ) 0 9 0 . 0 0 0 0
4 - 0 * 0 9 3 # - 0 * 7 0  78 - 0 . 7 0 7 0  - 0 . 0 9 1 6 - 0 . 0 3 2 4 - 0 * 0 1 9 1 0 , 7 6 1 7 - 0 , 4 4 5 0 - 0 . 2 4 7 3 0 . 1 2 3 3
4 3 - 0 .  70 78 - 0 * 7 0 7 8 “ 0 . 0 9 1 6  - 0 . 0 3 2 4 - 0 . 0 9 ) 6 - 0 , 0 1 9 1 0 , 4 7 0 0 0 .  70 0 0 . 6 4 7 9 - 0 , 5 2 ) 1
44 - 0 * 7 0 7 8 - 0 . 0 9 ) 6 - 0 * 0 3 2 4  - 0 . 0 9 1 6 - 0 , 7 0 7 0 - 0 * 0 1 9 1 - 0 . 4 7 0 8 0 .  70 0 0 * 6 4 7 9 0 * 5 2 3 1
45 - 0 . 0 9 3 6 “ 0 . 0 1 2 4 - 0 . 0 9 1 6  - 0 . 7 0 7 0 - 0 , 7 0 7 0 - 0 . 0 1 9 1 - 0 . 7 6 1 7 - 0 , 4 4 5 0 - 0 . 2 4 7 5 “ 0 . 3 2 ) 1
46 - U . 1 4 C 0 “ 2 . 4 7 6 7 - 0 . 2 * 3 0  - 0 , 2 4 ) 0 - 2 * 4 7 6 7 - 0 . 0 1 9 1 - 0 . 0 0 0 0 0 . 5 5 0 0 - 0 . 8 0 0 9 - 0 . 0 0 0 0
4 - 2 . 4 7 6 7 - 1 4 .  1400 - 2 . 4 7 6 7  - 0 , 2 4 ) 0 - 0 , 2 4 1 0 - 0 . 0 1 9 1 - 0 . 7 6 1 7 - 0 . 4 4 5 0 - 0 . 2 * 7 5 - 0 *  3 2 3 3
4 h - 0 , 2 4 3 0 - 2 . 4 7 6 7 - 1 4 . 1 4 0 0  - 2 . 4 7 6 8 - 0 . 2 4 1 0 - 0 . 0 1 9 1 - 0 . 4 7 0 0 0 .  700 0 . 6 4 7 9 0 . 5 2 3 1
4 9 * n . 243 0 “ 0 * 2 4 3 0 - 2 . 4 7 6 8 - 1 4 . 1 4 0 0 - 2 * 4 7 6 1 - 0 * 0 1 9 1 0 , 4 7 0 8 0 . 170 0 0 . 6 4  79 - 0 . 5 2 ) 1
so -2 .4 T # > 7 - 0 * 2 4 1 0 - 0 . 2 4 3 0  - 2 * 4 7 6 7 - 1 4 . 1 4 0 0 - 0 . 0 1 9 1 0 .  761 7 - 0 . 4 4 5 0 - 0 . 2 4 7 3 0 . 3 2 1 3
5 I - 0 . 0 1 9 1 -  0 .  0 1 9 1 - 0 , 0 1 9 1  - 0 * 0 1 9 1 - 0 . 0 1 9 1 - 1 0 , 9 1 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 -O.OOQO
*»? -O.OCCC - 0 . 7 6 1 7 - 0 . 4 7 0 8  0 . 4 7 0 8 0 . 7 6 1 7 - 0 . 0 0 0 0 - 1 0 . 9 ) 6 0 - 0 . 0 0 0 0 - o . o o o o - 0 , 0 0 0 0
53 C . 5 5 0 0 - 0 * 4 4 5 0 0 . 1 7 0 0  0 * 1 7 0 0 - 0 , 4 4 5 0 “ 0 . 0 0 0 0 - 0 . 0 0 0 0 - 1 0 . 9 3 0 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0
54 - 0 . 0 0 0 9 - 0 . 2 4 7 5 0 . 6 4 7 9  0 , 4 4 7 9 - 0 , 2 4 7 5 - 0 . 0 0 0 0 “ 0 . 0 0 0 0 “ 0 . 0 0 0 0 - 1 0 . 9 1 0 0 'O.OOOO
55 -O.OOOC - 0  . 3 7  3 3 0 * 5 2 ) 1  - 0 * 5 2 3 1 0 . 3 2 1 1 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - o . o o o o - 0 . 0 0 0 0 - 1 0 . 9 3 0 0
27
TABLE VII 
FERROCENE MOLECULAR ORBITALS 
Basis Set (ii)









































































































ClGCNVFCTOftS MOLtCUlA* O M t f A L S  ABE COLUMKS FROM RIGHT
28
I 2 )
0*6162 - 0 . 0 0 46 0*6040
-0*0134 0*0001 - 0 . 0 0 ) 1
0 . 0012 0 . 1 6 1 ) 0.CC27
-0*8743 0 . 0065 - 0 . 6 7 6 5
-0*4959 0*3660 - 0 . 4 8 2 7
0*0106 - 0 . 0 0 7 9 0 . 002  5
*0*6967 0*45)7 - 0 . 6 9 71
0.  1261 - 0 . 2 8 ) 9 0 . 1262
0.1861 -0*5875 0*1769
- 0*0040 0 . 0127 -0*0009
0 . 0107 -0*9294 0*0286
0, 3040 -0*6458 0 . 2973
0 . 1948 0 . 9847 0 .  1964
- 0 . 0 0 42 - 0 . 01 2 7 - 0 . 0 01 0
-0 . 09B6 - 0 . 5 2 8 6 -0*0465
0* 3136 0*6412 0 . 1192
- 0* 501) - 0 . 3 58 5 - 0 . 4 94 7
0*0109 0 . 0076 0 . 0025
0 . 7094 0*44)2 0 . 7123
0*1)05 0*2620 0* 1)57
0 . 6163 - 0 . 0 0 4 6 - 0 . 6 0 ) 9
0*0134 -O.COOl - 0 . 0 0 ) 1
-0*0012 - 0 . 1 6 1 ) 0.C02T
0.8744 - 0*0065 - 0 . 6 78 4
- 0 . 9 0 1 ) - 0 . 3 9 65 0 . 4946
-0*0109 -0*0078 0 . 0023
- 0 . 7 05 4 - 0 . 4 43 2 0 . 7 ( 2 )
- 0 .  DOS - 0 . 2 8 2 0 0 .  1)57
0 . 1948 0*5847 - 0 . 1 9 64
0 . 0042 0*0127 - 0 . 00 1 0
0*0386 0 . 9286 -0.C465
- 0 . 3 1 3 6 -0*6412 0.3192
0 .  1861 - 0 . 5 87 5 - D * 1769
0 . 0040 -0*0127 - 0 . 0 0 09
- 0 . 03 0 7 0*529* 0*0286
- 0 . 3 04 0 0*6458 0*2971
-0*4959 0 . 3660 0 . 4826
-Q.0106 0 . 0079 0*0025
0 . 6966 - 0 . 4 53 7 - 0 . 6 9 7 0
*0* 1263 0 . 2639 0 .  1262
0*4234 - 0 . 0 0 3 2 0 . 4 ) 4 0
- 0 . 3 4 07 0 . 2514 - 0 . 3 46 8
0* 1278 - 0 . 4 0 ) 7 0.1271
0.1139 0.4017 0 . 1 4 U
- 0 . 3 44 4 -0 . 24 6 3 -0* 3554
0 . 4239 - 0 . 0 0 ) 2 - 0 . 4  340
- 0 . 3 44 4 - 0 . 2 4 6 ) 0 . 3554
0 .  1339 0.401T -C .14 11
0 .  1279 -0*4037 -0*1271
- 0 . 3 40 7 0*2514 0* 3466
-O.OOOC 0*0000 -O.OCOO
- o . o o o c 0 . 0000 - o . o c o o
0 . 0904 - 0 . 0 00 7 0*0000
0 . 0000 - 0 . 00 0 0 0 . 0000
0*0007 0.090* - 0 . 0 00 0
16 1 7 18
-Cl. 3116 -C .0087 0*6646
-O.0037 0.C005 - 0 . 0 3 5 9
O.OOOC 0. 1166 O.CC16
- 0 . 2 84 3 - 0 . 00 3 6 0.28A6
- 0 . 3 1 15 0.3978 -0*5328
- 0 . 0 0 3  7 - 0 , 0 2 15 0 . 0288
0* 2704 - 0 . 19 3 7 0* 198 1
- 0 . 0 8 78 - 0 . 0 ) 7 0 -0*1390
- 0 , 31  1 5 - 0 . 6 ) 5 0 0.1971
- 0 . 00 3 7 0 . 03*3 -0*C 106
0 .  1671 0*11)6 - 0 .  1419
0 . 2300 0 . 24 ) 7 - 0 . 00 2 7
- 0 - 3115 0 . 6296 0 . 2 1 ) 7
- 0 . 0 0 37 - 0 *0) 40 - 0  .0115
-0 . 1671 0.1296 0 .  1454
0. 2300 - 0 . 2 4 ) 6 -0 . 0091
- 0 . 7 11 4 - 0 . 3 6 ) 6 - 0 . 5 *3 0
- 0 . 00 3 7 0.0207 0.C793
-0.2TC4 -0 . 18 8 4 -0. 2C3 1
- 0 . 0 67 8 0.04C6 - 0 .  1 380
- 0 . 3 11 6 -0.C0B7 0. 6649
0 . 0037 -0.CQ05 0.C359
O.COCC -0*1186 - 0 . 0 0 5
0 . 2843 0.0036 -0. 28B7
- 0 . 3 1 1 5 -0 . 3838 - 0*54)1
0 . 0037 - 0 . 0207 -0 . 02 9 3
C.27C4 0.1684 0.2031
0 . 0876 -0*0406 0 . 1 ) 8 0
- 0 . 3 1 1 5 0.6297 0.2137
0 * C 037 0*0)40 0.0115
0.  1671 - 0 . 12 9 0 - 0 .  1*54
- 0 . 2  300 0.2436 0*C090
- 0 .  3115 -0*6351 0* 1972
0 . 0 0 7 - 0 . 0 3 4 ) 0*0106
- 0 .  1671 - 0 . 13 3 6 0.  1420
- 0 . 23 0 0 - 0*24)7 0 . 002  7
- 0 . 31 1 5 0.3979 - 0 . 53 2 9
0 . 0037 0.0215 -0*0206
- C . 2704 0 . 1937 -0*1901
0 . 0878 0*0)70 0 . 1 ) 9 0
0 . 4 ) 6 6 0 * 0074 - 0 . 5690
0 . 4 ) 8 7 - 0 . 3 40 5 0*4560
0 . 4 ) 8 7 0.3434 - 0 .  1687
0 . 4 ) 8 7 - 0 . 5 ) 8 8 - 0 ,  1029
0 . 4387 0.  3285 0 . 4648
0 . 4366 0.0075 - 0*5690
0 . 4 ) 87 0.3785 0.4640
0 . 4  )BT - 0 . 5 ) 8 4 - 0 , 18 2 9
0 . 4 ) 8 7 0 . 54 ) 5 - 0 . 1688
0 . 4387 - 0 . 3 40 6 0*456!
- 0 .  1 4 3C 0. 0000 - o . c c o o
- 0 . 0000 - 0 . 0 0 0 0 -0*0000
- 0 . 0000 - 0 . 0015 0 . 1226
-O.OOCO 0. 0000 - o . oc oo
- 0 . COCO 0. 1226 O.CC16
4 9 6
- 0 . 0 1 0 2 - 0 . 0 0 0 0 - o . o o oo
0 . 0 0 0 1 0 . 0 0 0 0 0 * 0 0 0 0
0 * 1 3 0 6 0 . 7 2 4 1 - 0 * 7 2 ) 4
0 . 0 1 4 9 0 . 0 0 0 0 0 . 0 0 0 0
0 . 3 6 3 ) 0 . 0 0 0 1 - 0 . 0 0 0 0
- 0 . 0 0 1 0 - 0 . 0 0 0 0 - 0 , 0 0 0 0
0 * 4 6 3 ) 0 . 2 2 1 8 - 0 . 2 2 3 5
- 0 . 2 8 ) 8 0 . 6 0 0 6 - 0 . 6 0 7 9
- 0 . 5 7 7 6 0 . 0 0 0 0 - 0 * 0 0 0 0
0 * 0 0 2 9 - 0 . 0 0 0 0 - 0 . 0 0 0 0
- 0 . 5 ) 1 3 - 0 . 5 0 5 8 0 . 5 0 3 2
- 0 * 6 5 2 ) 0 * 4 2 5 6 - 0 . 4 2 9 1
0 . 5 7 1 2 - 0 . 0 0 0 0 0 . 0 0 0 0
- 0 . 0 0 2 9 0 . 0 0 0 0 0 . 0 0 0 0
- 0 . 5 ) 9 0 - 0 . 5 0 5 0 0 . 5 0 5 2
0 * 6 4 1 9 - 0 , 4 2 5 6 0 . 4 2 5 1
- 0 . 3 4 6 0 - 0 . 0 0 0 1 0 . 0 0 0 0
0 . 0 0 1 8 0 . 0 0 0 0 0 . 0 0 0 0
0 . 4 ) 9 5 0 * 2 2 ) 0 - 0 . 2 2 1 5
0 . 2 7 9 4 - 0 . 6 0 0 6 0 * 6 0 7 9
0 , 0 1 0 2 - 0 . 0 0 0 0 -O.COOO
0 . 0 0 0 1 - 0 * 0 0 0 0 - 0 * 0 0 0 0
0 . I 5 B 6 - 0 * 7 2 4 3 - 0 * 7 2 1 2
0 . 0 1 4 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0
0 . 3 4 6 0 -O .OOO I - 0 . 0 0 0 0
0 . 0 0 1 0 - 0 . 0 0 0 0 0 * 0 0 0 0
0 * 4 ) 9 3 - 0 . 2 2 ) 0 - 0 . 2 2 3 5
0 * 2 7 9 4 O.6 AR0 0 . 6 0 7 0
- 0 . 5 7 1 ) - 0 * 0 0 0 0 -O.OQOO
- 0 * 0 0 2 9 - 0 . 0 0 0 0 0 . 0 0 0 0
- 0 * 5 ) 0 0 0 * 5 8 5 9 0 . 5 0 5 1
0 . 6 4 1 9 0 * 4 2 5 6 0 . 4 2 5 1
0 . 5 7 7 6 0 . 0 0 0 0 0 . 0 0 0 0
0 * 0 0 2 9 0 . 0 0 0 0 - 0 . 0 0 0 0
- 0 * 5 3 1 3 0 . 5 0 5 9 0 . 5 8 5 1
- 0 * 6 5 2 3 - 0 . 4 2 5 6 - 0 . 4 2 5 1
- 0 * 3 6 3 3 0 , 0 0 0 1 0 . 0 0 0 0
- 0 . 0 0 1 8 O.OOQO - 0 . 0 0 0 0
0 . 4 6 ) 3 - 0 * 2 2 3 8 - 0 . 2 2 ) 5
- 0 . 2 0 ) 8 - 0 . 6 0 8 8 - 0 * 6 0 7 0
- O .O O T 3 0 . 0 0 0 0 - 0 . 0 0 0 0
0 - 2 6 1 0 0 , 0 0 0 0 - 0 . 0 0 0 0
- 0 . 4 1 5 0 - 0 . 0 0 0 0 0 * 0 0 0 0
0 . 4 1 0 5 0 . 0 0 0 0 - 0 * 0 0 0 0
- 0 . 2 4 9 2 - 0 . 0 0 0 0 0 * 0 0 0 0
0 * 0 0 7 3 - 0 . 0 0 0 0 - 0 , 0 0 0 0
0 . 2 4 9 2 - 0 . 0 0 0 0 - 0 . 0 0 0 0
- 0 * 4 1 0 5 0 . 0 0 0 0 0 . 0 0 0 0
0 . 4 1 5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0
- 0 . 2 6 1 0 0 . 0 0 0 0 o . ocoo
0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 0
- 0 . 0 0 0 0 0 * 0 0 0 0 0 , 0 0 0 0
- 0 . 0 0 0 0 - 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
- 0 . 0 0 0 0 O.OQOO - 0 , 0 0 0 0
19 20 21
C• 0 0 * 6 - 0 , 6 7 4 1 0 . 0 4 4 2
- 0 . 0 0 0 0 - 0 * 0 0 0 1 0 . 5 9 7 0
- 0 *  L278 - O . O O l l 0 * 0 0 0 5
0 * 0 0 2 3 - 0 * 2 7 3 7 0 . 0 0 2 2
- 0 * 4 0 0 8 9 * 5 4 2 1 - 0 . 0 3 5 4
- 0 . 0 0 0 0 0 * 0 0 0 1 - 0 * 4 7 8 4
0 . 1 0 6 6 - 0 . 1 0 5 9 - 0 . 0 0 5 0
0 . 0 4 7 5 0 . 1 4 0 3 - 0 . 0 2 1 1
0 . 6 4 2 9 - 0 . 2 0 ) 0 0 * 0 1 ) l
0 . 0 0 0 1 - 0 . 0 0 0 0 0 * 1 7 7 1
- 0 . 1 2 2 ) 0 . 1 4 7 1 - 0 * 0 2 8 )
- 0 . 2 ) 3 0 - 0 . 0 0  50 0 . 0 1 9 0
- 0 . 6 3 9 4 - 0 . 2 1 ) 6 0 * 0 1 4 2
- 0 * 0 0 0 1 - 0 . 0 0 0 0 D . 1 9 1 9
- 0 . 1 1 9 0 - 0 , 1 4 9 1 0 . 0 2 8 1
0 . 2 3 ) 6 - 0 . 0 0 1 1 0 . 0 1 9 6
0 . 3 9 1 7 0 . 5 4 8 7 - 0 * 0 3 6 1
0 . 0 0 0 0 0 , 0 0 0 1 - 0 * 4 0 7 6
0 . 1 8 3 4 0 .  1 0 0 4 0 * 0 0 4 8
- 0  # 0 4 9 8 0 * I 395 - 0 . C 2 0 4
- 0 . 0 0 5 6 0 . 6 7 4 0 0 . 0 4 4 2
0 . 0 0 0 0 - 0 . 0 0 0 1 - 0 . 5 9 7 0
- 0 * 1 2 1 8 - o . o o u - 0 . 0 0 0 5
0 . 0 0 2 3 - 0 . 2 7 3 6 - 0 * 0 0 2 2
- 0 . 3 9 1 7 - 0 . 5 4 0 7 - 0 . 0 3 6 1
0 . 0 0 0 0 0 * 0 0 0 1 0 . 4 0 7 6
0 • 1 6 3 4 0 * 1 0 0 9 - 0 . 0 0 4 0
- 0 * 0 4 9 6 0 , 1 3 9 5 0 . 0 2 0 4
0 * 6 1 4 3 0 * 2 1 3 6 0 * 0 1 4 2
- 0 . 0 0 0 1 - 0 * 0 0 0 0 - 0 . 1 9 1 9
- 0 . 1 1 9 0 - 0 . 1 4 9 1 - 0 . 0 2 8 1
0 * 2 ) 3 0 - 0 * 0 0 1 1 - 0 * 0 1 9 6
- 0 . 6 4 2 6 0 . 2 0 2 9 0 . 0 1 3 1
o . o o o i - 0 . 0 0 0 0 - 0 . 1 7 7 1
- 0 . 1 2 2 2 0 . 1 * 7 1 0 . 0 2 8 )
- 0 . 2 ) 3 8 - 0 . 0 0 5 0 - 0 * 0 1 9 0
0 - 4 0 0 7 - 0 . 5 4 2 0 - 0 * 0 1 5 4
- o . o o o i 0 . 0 0 0 1 0 * 4 7 0 4
0 . 1 0 6 5 - 0 . 1 0 5 8 0 . 0 0 5 0
0 . 0 4 7 5 0 .  1 4 0 ) 0 * 0 2 1 1
- 0 * 0 0 4 8 0 . 5 7 0 6 - 0 . 0 3 0 6
0 . 3 ) 9 3 - 0 . 4 5 9 0 0 . 0 2 4 3
- 0 * 5 4 4 2 0 . 1 7 1 9 - 0 . 0 0 9 1
0 , 5 4 1 ) 0 . 1 0 0 0 - 0 . 0 0 9 0
- 0 . 3 3 1 6 - 0 . 4 6 4 5 0 . 0 2 5 0
0 . 0 0 4 T - 0 . 3 7 0 6 - 0 * 0 3 0 6
0 . 3 3 1 6 0 . 4 6 4 5 0 . 0 2 5 0
- 0 , 5 4 1 2 - 0 . 1 0 0 9 - 0 . 0 0 9 0
0 . 5 4 4 1 - 0 . 1 7 1 8 - 0 * 0 0 9 1
- 0 . 3 3 9 3 0 . 4 3 0 9 0 . 0 2 4 5
- 0 . 0 0 0 0 - 0 . 0 0 0 0 0 , 0 0 0 0
- 0 . 0 0 0 0 - 0 * 0 0 0 0 o. cooo
o. oooc - 0 . 0 0 0 0 - 0 . 4 6 6 0
0 * 0 0 0 0 - o . o oo o - 0 , 0 0 0 0
- 0 . 0 0 0 0 o.oooo - 0 , 0 0 6 1
7 8 9
0 * 6 3 3 5 0 * 0 0 0 ) 0 . 6 2 5 7
- 0 . 0 4 7 9 - 0 . 0 0 0 0 0 . C 0 6 )
0 . 0 0 0 3 - 0 . 6 5 4 ) 0 * 0 0 0 )
- 0 . 1 9 7 4 - 0 . 0 0 C 1 - 0 . 1 3 9 5
0 . 1 9 6 0 - 0 * 6 0 2 4 0 . 1 9 3 7
- 0 * 0 1 4 0 0 . 0 4 5 5 O . C 0 1 9
- 0 . 1 ) 4 2 - 0 . 2 4 1 0 - 0 * 1 5 2 0
- 0 * 6 1 0 7 - 0 . 1 ) 4 5 - 0 . 6 2 7 6
- 0 . 5 1 2 ) - 0 * 1 7 2 6 - 0 . 5 0 6 0
0 * 0 3 8 7 0 * 0 2 8 2 - 0 . C 0 5 1
0 * 2 1 7 5 - 0 * 4 9 6 5 0 .  2 4 6 4
- 0 . 3 5 5 4 0 , 2 1 7 2 - 0 . 3 3 8 4
- 0 . 5 1 2 6 0 .  3 7 2 2 - 0 . 5 0 6 4
0 * 0 3 8 0 - 0 . 0 2 0 1 - 0 . 0 0 5  1
- 0 . 2 1 7 1 - 0 . 4 9 0 7 - 0 *  2 4 5 9
- 0 . 3 5 3 2 - 0 . 2 1 7 5 - 0 *  3 3 0 2
0 .  1 955 0 . 6 0 2 6 0 . 1 9 1 0
- 0 * 0 1 4 0 - 0 . 0 4 5 6 O .C 0 1 9
0 . 1 3 4 4 - 0 . 2 4 0 9 0 . 1 5 2 2
- 0 * 6 1 0 8 0 . 1 3 4 0 - 0 * 6 2 7 0
0 * 6 ) 1 5 0 . 0 0 0 3 - 0 * 6 2 5 7
0 . 0 4 7 9 0 . 0 0 0 0 0 * 0 0 6 3
- 0 . 0 0 0 3 0 . 6 5 4 ) Q*COO)
0 , 1 9 7 4 0 . 0 0 0 1 - 0 . 1 5 9 5
0 . 1 9 5 5 0 , 0 0 2 6 - 0 , 1 9 3 0
0 . 0 1 4 8 0 . 0 4 5 6 0 . C 0 I 9
- 0 * 1 1 4 4 0 * 2 4 0 9 0 . 1 5 2 2
0 . 6 1 0 0 - 0 . 1 ) 4 0 - 0 * 6 2 7 6
- 0 * 5 1 2 6 0 . 3 7 2 2 0 . 5 0 6 4
- 0 * 0 ) 8 0 0 . 0 2 0 1 - O . C 0 5 1
0 . 2 1 7 1 0 . 4 9 6 7 - 0 . 2 4 5 9
0 . 3 5 5 2 0 * 2 1 7 5 - 0 . 3 ) 0 2
- 0 . 5 1 2 3 - 0 . 3 7 2 6 0 . 5 0 6 0
- 0 . 0 3 0 7 - 0 . 0 2 8 2 - 0 * 0 0 5 1
* 0 . 2 1 7 5 0 . 4 9 6 5 0 . 2 4 6 4
0 . 1 5 5 4 - 0 . 2 1 7 2 - 0 *  3 304
0 . 1 9 6 0 - 0 * 6 0 2 4 - 0 , 1 9 1 7
0 . 0 1 4 f t - 0 * 0 4 5 5 0 . C 0 1 9
0 . 1 1 4 2 0 * 2 4 1 0 - 0 . 1 5 2 0
0 . 6 1 0 7 0 .  134 5 - 0 * 6 2 7 6
- 0 * 0 ) 7 7 - 0 . 0 0 0 0 - 0 . 0 6 ) 7
- 0 . 0 1 1 7 0 * 0 ) 5 9 - 0 . 0 1 9 7
0 . 0 ) 0 5 0 * 0 2 2 2 0 . 0 5 1 5
0 . 0 3 0 5 - 0 * 0 2 2 2 0 . 0 5 1 5
- 0 * 0 1 1 6 - 0 . 0 3 5 9 - 0 . 0 1 9 7
- 0 . 0 ) 7 7 - 0 * 0 0 0 0 0 . 0 6 3 7
- 0 * 0 1 1 6 - 0 , 0 3 5 9 0 . 0 1 9 7
0 . 0 ) 0 5 - 0 . 0 2 2 2 - 0 . 0 5 1 5
0 . 0 3 0 5 0 * 0 2 2 2 - 0 * 0 5 1 5
- 0 . 0 1 1 7 0* 0 1 5 9 0 . 0 1 9 7
0 . 0 0 0 0 - 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 0 0 1 * 0 , 2 2 1 7 0 . 0 0 0 0
0 , 0 0 0 0 •O.OQOO 0 . 0 0 0 0
- 0 * 2 2 1 7 - O .O O O I Q* OOOO
O.OQOO 0 . 0 0 0 0 - 0 . 0 0 0 0
22 21 24
0 « 0 0 06 0 . 0 0 2 2 - 0 . 0 0 0 1
0 , 0 0 7 0 - 0 . 6 1 9 8 0 . 0 1 4 0
- 0 . 0 ) 6 2 - 0 . 0 0 0 2 - o . o u o
0 . 0 0 0 0 0 * 0 0 5 0 - 0 . 0 0 0 1
- 0 . 0 2 6 4 - 0 . 0 0 1 8 0 . 0 0 1 4
- 0 . 3 ) 7 ) 0 . 4 9 3 2 - 0 *  3 7 5 6
0 . 0 1 0 2 0 , 0 0 5 0 - 0 . 0 0 0 2
0 . 0 2 7 2 0 . 0 0 5 1 O . C 0 9 )
0 . 0 4  22 0 . 0 0 0 6 - 0 . C C 2 1
0 * 5 7 0 2 * 0 . 1 7 8 3 0 .  5 9 3 0
0 . 0 0 7 5 0 . 0 0 7 7 0 ,  0 0 5 4
- 0 . 0 0 0 0 - 0 * 0 0 7 4 G . C 0 2 0
- 0 , 0 4 1 9 0 . 0 0 0 7 O.C02L
- 0 . 5 6 5 4 - 0 . 2 0 4 0 - 0 * 5 0 5 2
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CHLOROFERROCENE SELF CONSISTENT ELECTRON CONFIGURATION, 
COULOMB INTEGRALS, AND NET CHARGES^
TABLE VIII
Atom Net Charge Electron Configuration Coulomb Integral
Cl T 0 .0 1 9 3 2s1.1223 gp2.6584 28-2 1 .2 1 , 2p-11.69
C2 T -0.0618 2s2.2285 2p2 -9433 2s-2 0 .2 6 , 2p-1 0 .69
C3 T -0.0689 2gl.1398 2p2 -9290 2s-20.l6, 2p-10.63
Cl B -0.0721 2s1-1420, 2p2-9301 28-20.10, 2p-IO .58
C2 B -0.0716 2s1-1418f 2p2 •9298 28-20.10, 2p-1 0 .58
C5 B -0.0728 2s1*1421, 2p2 "9307 28-20.10, 2p-10-57
H2 T 0.0240 j^sO . 8760 ls-14.25
H3 T 0.0219 IgO.STSi ls-14.15
HI B 0.0196 ls0.9804 ls-14.12
H2 B 0 .0193 lsO.8S07 ls-14.13
H3 B 0.0198 lgO .9802 ls-14.12
Fe 0 .U903 ^j7 .5097 3d-1 0 .90
Cl -0.0761 3s1.7701> 5p5.3059 38-24-32, 3P-12.72
C2Pz W
population 5.4278 ring T 
5-4743 ring B
I.P. Calc. 9.7503
fa) The chlorine is attached to carbon 1 of the top ring.
TABLE IX
AMINOFERROCENE SELF CONSISTENT ELECTRON CONFIGURATION, 
COULOMB INTEGRALS, AND NET CHARGES^3 ^
TABLE IX
Atom Net Charge Electron Configuration Coulomb Integral
Cl T 0.0173 2s1.1£78) 2p£.8S49 2S -21 .20 ,  2 p - l l .68
C2 T -0.0274 2S1.09Q8 2p2 *9286 2 8-2 0 -7 2 , 2 p-ll .12
C3 T -0.0492 2s1 -1288, 2p2 -9204 28 -2 0 .4 2 ,  2p-10.89
Cl B -0 .0680 2 s1 *1426, 2p2 ' 9254 2 8 -2 0 .0 7 ,  2p-10.56
C2 B -0.0807 2s1 '1429, 2 p2 -9378 2 8 -2 0 .0 7 ,  2p-10.56
C3 B -0.0774 2s1.1429 2p2 *9345 2 s - 2 0 .0 7 ,  2p-10-56
H2 T 0 .0606 ls0.9394 18-15.30
H3 T 0 .0286 1S° ' 9Y14 l s - 1 4 . 3 3
HI B 0 .0207 lsO .9793 ls-14.09
H2 B 0 .0 2 0 8 lsO,9792 Is-14.09
H3 B 0 .0 2 1 0 lsO .9790 l s - 1 4 . 0 9
H (N-H) 0 .10060 1sO .8994 18-16.47
Fe 0.4932 ^ 7.5068 3d-10 .86
TABLE IX (Continued-1)







2s1 -5536, gp2 *902® 2s-20.ll, 2p-7-58
5.8020 top ring 
5-4883 bottom ring
(From MO. which is greatly N_ )
<fpz
(a) The amino group is attached to carbon 4 of the top ring of ferrocene in the point group;
the amino hydrogens are positioned coplanar to this ring.
TABLE X
EIGENVALUES OF CHLOROFERROCENE AND AMINOFERROCENE 

























dyz + R 
3 TT
Npz
Npx + dxy 
dz2 + Npy 
dz2 + Npy 
dx2 - y2 + R^
TABLE X
„ . . ChloroferroceneNotation**------- -------------------------------------
(Arbitrary) Eigenvalue Major Component*
V7
V6 - 2.7777 R + dx2 - y2
V5 - 3-1915 + dxy
V4 - 3.9160 R^
V3 - 4.1345 R^
V2 - 4.7093 dyz + R^
Vi - 4.7631 dxz + R^
Fi - 9.7503 dz2
F2 -10.4835 Clpz + dx2 - y2
F3 -10.5341 dxy + Rff + Clpx
F4 -10.8546 R^ + dx2 - y2
F5 -11.1746 Rfl +
V>J
TABLE X (Continued-1)
Aminoferrocene . . . .    Chloroferrocene
---------------------------------------  Notation** -------------------------------------
Eigenvalue Major Component* (Arbitrary) Eigenvalue Major Component*
-11.0163 dxy + Npx f 6 -11.2195 R +TT
-11.2183 R + dxz TT Ft -II.2 7I3 Clpx + dxy + R^
-11.2663 R + dyzTT FS -11.3099 Clpx + dxy + R^
* The first symbol is the dominant component. refers to 2pz orbitals, and R^ refers to carbon 
2px and 2py orbitals. This convention is convenient even though O  - TT separability should not 
be expected to obtain in any sandwich molecule.
** F denotes filled, and V denotes vacant; the terms filled and vacant refer to the ground state 
configuration.
TABLE XI
NICKELOCENE SELF CONSISTENT ELECTRON CONFIGURATION, 
COULOMB INTEGRALS, AND NET ATOMIC CHARGE
TABLE XI
Basis Set and Symmetry Group
3 d = 3 d ( 3 d 1 0 U s ° U p ° )*  
Up=Up( 3d9 U s°U p 1 )■* 
U s ( 3 d 8 U s2 Up° )*
3 d = 3 d (3 d 1 0 Us°Up0 )*  
U s = U s ( 3d8 U s2 Up° )*






^ 9 . 4 1 6 6  ^ g O . 3 0 9 3  ^ p - 0 . 7 7 3 1  
2g l . a 096 2p2 .S946 
1 S 1 . 0 0 0 4
^ 9 . 4 1 9 4  I j . g O  . 3 3 9 9 6  ^ p - . 5 0 1 6 3  
2g l . 3 2 4 8  2 p 3 - 0 7 0 3  
^ s O . 6 7 9 1 0
^ 9 . 2 4 1 9  1 ^ 0 . 1 4 3 4 2  
2 s i . i 5 i e  2 p£.9266 
l s 0 . 9 S 3 1
Coulomb Ni 3d - l 6 .2 0 , Us-12 .65, Up-7.87 3d - l 6 .2 0 , Us-12 .6 5 , Up-7.87 3d - lU .6 9 , U s - l l . 3 6
Integrals C 2 s - 19.61,  2p-10.22 2 S -19 . 60 , 2p -10.21 2 s -2 0 .0 1 ,  2p-10.51
(e.v.) H l s - 1 3 .6 0 l s - 1 0 .6 0 l s - l U .0 6
Ni +1 .OU7 +.7U23 +0.61U68
Net
C - 0 . 10U3 -•3951 - 0.07827
Charge
H - 0 . 0 0 0 U +.3209 40.01685
TABLE XI (Continued-1)
Basis Set and Symmetry Group
3d=3d(3d104s°4p0 )*
3d=3dC3di°4s° V >
l n ( 3 d a U a ltp 0 )* 4.-i..(3d8 l..iV >)*
D , D D ,5d 5h 5h




5 •1664 5.1858 5*3564
* Configurations to which coulomb integrals are relevant.
a
TABLE XII
EIGENVALUES AND ORBITAL SYMMETRIES FOR NICKELOCENE
TABLE XII





33 . 5U90 a2u














































6.U790 e 2 7
- 3-8762
D with 4p
TABLE XII (Continued-1) 
 D,-^  with Up_______
- 4.0287 e2U RTT
- 6.8740 elg2 M
-10.9507 elU4 R t t
-11.0232 elg4 R t t
-11.1981 e 2 g 4
S t
-11.4053 e2U4 R tt
-11.5656 exu4 r t t
- 12.9064 ^2U2 Rtt
-13.4791 fllg£ MRTT
-14.5206 pa2u R tt
-14.5712 a l g s MR
TT
-14.6232 e 2 g 4 MR—TT




- 3.8943 *2 RTT
- 6.7558 e / 2 M
- 10.2303 *4ex RTT
-10.5722 '4ei rtt
- 10.6348 " 4e s RTT
-10.8063 e2 S t
-10.9898 ex'4 RTT
-12.5428 a  '2 al RTT
- 12.8749 a2 S t
- 13.4166 a2 S t
-13.8904 ' 4e2 MRTT
- 14.2511 * 4e2 S t
-14.5689 ax'2 M
-15.7820 ei'4 M
- 16.7021 fsal M
- 16.9112 / 4e2 MRTT
D,.^  without 4p
- 4.0071 me2 r t t
- 6-9164 ex'2 M
-11.1111 ei'4 RTT
-11 .2783 ex'4 R t t
-11.5671 e / 4 R t t
-11.6551 e2 #4 V
-11.8991 el /4 S t
- 13-1495 al "St
-13 .2717 a2*2 R t t
-14 .3003 e2 /4 M
- 14.7155 ax'2 RTT
-14 .9449 a2'2 R
TT
- 15-2675 ex'4 M
-15.4536 e2#4 S t





Up D,_, with 
5h
4p without Up
-20.6471 eig4 MR„TT -20 .2158 ei /4 RTT -20.8008 e / 4 R M n
-20.7765 ei a4 R t t -20.5762 e / 4 MRTT -21 .1592 e 2 # 4 RTT
-27.0576 a  2  alg
R t t -27.2855 a / 2 R t t -26.4181
* P
a 2 R t t
-28.0251 Pa 2 U V * 27.6482 a / 2 V 1
-27-6270 /Pai Rrr
G. Ionization Potentials
These computations indicate the following ionization potentials for 
the compounds considered:
Ferrocene 10.6 - 9-8 e.v.
Chloroferrocene 9-75 e.v.
Aminoferrocene 7>62 e.v.
Nickelocene 6-9 " 6.75 e.v.
The ionization potential of ferrocene is reported as 7>05 e.v.3 
However, this value is in dispute.3,34 Experimental values of ionization 
potential for the remaining compounds have not been reported; however, 
the calculated ordering of the ionization potentials does not seem to be 
unreasonable.
It is noted that all different basis sets employed for any one mole­
cule gave the same orbital degeneracy for the ionizing orbital: alg for
ferrocene, and elg (D5d) or (D5h) for nickelocene.
H . Electronic Spectrum
The following assignments of the electronic transitions causative 
of the absorption spectrum of ferrocene constitute an attempt to corre­
late the calculations of basis sets (ii) and (iii) with the available
experimental data. It appears that basis set (ii) overestimates the
splittings of the metal d-orbitals while retaining a reasonable split­
ting for the pi ligand orbitals, whereas basis set (iii) underestimates 
the pi ligand orbital splittings while retaining reasonable splittings 
of the metal d-orbitals. The results of computations using two basis
sets will be combined to give what is believed to be a reasonable as­
signment of the observed transitions in ferrocene. Roman numerals refer 
to band assignments as indicated in Figures 1 and 2:
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System I is not assigned. We consider the experimental evi­
dence for this absorption disputable (see Reference 33)-
System II, at 22,730 cm-1, is assigned as aXg e ^  (M "* MR^).
This transition is symmetry forbidden and is partially charge transfer 
from metal to ring. The calculated electron density shift for iron is 
-0.4497 [basis set (ii)] or -0.4556 [basis set (iii)]. Smith33 has re­
ported the low temperature absorption spectra, and has concluded that this 
band encompasses only one electronic transition. The absorption band is 
observed to shift with substitution, which indicates some ring components 
in either the ground state or the excited state orbitals, or both. The 
shifts observed for System II are not as large as those observed for 
System III.10'35 The calculated energy of this transition is 40,298 cm’1 
[basis set (ii)], or 30,321 cm-1 [basis set (iii)].
System III, at 30,860 cm-1, is symmetry forbidden 
and is charge transfer.10 This transition is more sensitive to ring 
substitution than System II.10*35 The low temperature absorption spectra 
of Smith33 indicates this transition to become more symmetric at lower 
temperatures. Basis set (ii) indicates this transition (on a relative 
energy basis) to be alg -* e2u (4 5 ,5 8 6 cm-1). However, only 3,000 cm-1 
separate this from a calculated e^g “• eig transition [as calculated by 
basis set (ii)]. Due to the large splitting of the metal orbitals in
basis set (ii), and the comparison of the e2g -* eig transition in basis
set (iii) at 36 ,458 cm-1 with the observed energy of 30 ,860 cm-1 the 
transition is tentatively assigned as e^g “* e^g (MR^ "* MR^). As noted 
from the group multiplication table (see Appendix IV), an e2g -* eig 
transition should have two forbidden components. In the low temperature 
spectrum of Smith33 a weak band is observed at 36,500 cm 1 . This band
(System IV) is also observed in the vapor at 58,500 cm-1. These two 
bands have a splitting of approximately 7>000 cm'1 , which is not unrea­
sonable on the basis of electron interaction considerations. This as­
signment is also in agreement with the data of Scott and Becker10 on 
substituted ferrocenes. Carboxyferrocene is reported to have three low 
energy bands at 22 ,472 cm-1, 27,933 cm-1, and 31.^6 cm*1 . The 31,446 cm" 
transition may be attributed to a red shift of the 36,500 cm-1 shoulder 
due to charge depletion of the ring upon substitution. The three low 
energy bands of acetylferrocene may be taken into account i^ the same 
manner.
Systems V, VI, and VII are assigned as the three components of 
an egg -* eig (MR^ “* MR^) transition. Smith33 assigned Systems V and VII 
as forbidden transitions on the basis of a vibrational analysts; inten­
sity stealing was supposed to be effected via perturbation by an ej_u 
vibration. System VI was analyzed by Smith33 in terms of a^g vibrations, 
804 cm-1 and 1,105 cm-1; however, it is equally possible to employ a2u 
vibrational frequencies, 811 cm-1 and 1,108 cm*1 , in the analysis of 
this band. Also, in view of the observed oscillator strengths for Sys­
tems V and VI (both have f = 0.012), if one is forbidden, it would ap­
pear that both must be forbidden. The increase in the observed oscil­
lator strength of System VII, for which f ■ 0.104, is attributed to 
increased intensity stealing from the allowed transition at 51>000 cm"1 , 
denoted in System VIII. The orbital splitting for Systems V, VI, and 
VII is approximately 7,000 cm"1 . This splitting is of the same magni­
tude as the orbital splitting observed for the egg -* eig transition.
This assignment is also in agreement with the polarization data (x,y,z 
mixed) quoted by Scott and Becker.10
System VIII, 51,500 cm"1 , is allowed in view of the large os­
cillator strength which is observed; it is assigned as e m  "* eiB (R -• MR ).
o  TT TT
This is the lowest energy allowed transition obtained from either basis 
sets (ii) or (iii). The vibrational analysis of Smith33 indicates that 
the transition is allowed. The calculated and observed oscillator 
strengths are in close agreement. At present, no experimental polariza­
tion data is available; it is predicted to be z-polarized.
System IX could be assigned as one component of the allowed 
eiu “* eig transition or as a component of the next higher energy calculated 
transition e2g -• e2a (x,y,z polarized). Polarization data on these high 
energy transitions should prove interesting.
Table XIII contains the transition energies, symmetry, polarizations, 
oscillator strengths and electron density shifts of iron, as obtained 
from computations using both basis sets (ii) and (iii). Table XIV gives 
the calculated transition energy, oscillator strengths36, orbital type 
and polarization as correlated in the foregoing with the available experi­
mental data on ferrocene.
Tables XV and XVI are the transition energies and one electron os­
cillator strengths36 for chloroferrocene and aminoferrocene as calculated 
from the self consistent charge configuration as obtained using basis 
set (ii) for iron. The transition energies have red shifted from ferro­
cene, using basis set (ii). The aminoferrocene shifts are rather drastic.
TABLE XIH
CALCULATED TRANSITION ENERGIES, SYMMETRIES, POLARIZATIONS, 
OSCILLATOR STRENGTHS AND ELECTRON DENSITY SHIFTS (IRON) AS 








































M R ^ tt
W t
















1 --- F -O.U556
2 --- F -0.251*2
3 --- F 0.5993
3 z O.5I+7 O.U9 6I
1 — - F -0.9517
2 x,y 0 .0 6 2 6 O.U9 6I
2 —  F 0.371*3
3 z 0.1218 0.1*961
1 --- F -O.856I+
3 Z O.I309 q y^ Iio
5 x,y 0.0861 0.7540
Basis Set (ii)
1 —  F -0 .1+1+97










48,595 esg - elg MR -MRTT TT
Basis Set (ii)(Cont.)
2 F -0.1358
51,512 eig “* eig MR -MR„TT TT 5 F +0.4092
52,184 eiu ”* elg R -MR TT TT 5 z O .656 0.4750
55,155 a!g - eSg M - R ^ 1 F -O.8O96
55,885 e2g e2u M R - R  TT TT 5 zx,y -0 .6108
56,801 elg e2U M R - R  TT TT 2 x,y 0.2521 -O.O658
56,966 e2u "* elg R - M Ra  tt 2 x.y 0.0939 +0.4750
-P"vn
TABLE XIV 
TRANSITION ASSIGNMENTS OF FERROCENE 









(Iron)Obs. Calc. Orbital Jump Type Calc. Obs.^°^ Calc.41 Obs.
18934 Not Assigned
22730 30321 alg elg M - MRTT
1 z(x,y) zero 0 . 0 0 1 2 ^ -0.4556
30860
37000 36458 e2g "* elg MR -MRTT TT 2 z(x,y) zero
0. 0 0 0 3 4 ^  















(52184) eiu elg V ^ T T 3
z ------ 0.547 0.691 + .4961
5300 Not Assigned 0.04
(a) Calculated values from Basis Set (ii) are in parenthesis; all other calculated values are from Basis 
Set (iii).
(b) From low temperature spectra of Smith.33




TRANSITION ENERGIES, OSCILLATOR STRENGTHS AND POLARIZATIONS 
FOR CHLOROFERROCENE, CALCULATED WITH BASIS SET (ii)
47
TABLE XV
Energy cm’ 1 f (Total) Polarization *
40 ,225 0.000054 X Fl ^ Vi
40,660 0.001416 z Fi - V2
45,297 0 .00 0 0 8 5 X Fi - V3
46,141 0.002389 X F2 - Vi
46,549 0.007916 y»z F3 - Vi
46,575 0.2604 y,z f 2 - v2
46,985 0.000284 X F3 -* v2
47,059 0.000475 y,z Fi - V4
49,154 O.OOO698 X F4 - Vi
49,568 0 .1 6 6 6 y,z f4 - v2
51,211 0 .00 1 0 7 5 X f 2 - v 3
51,619 0 .1 5 0 0 y ,z f 3 - v3
51,715 0 .0 5 6 7 y,z F5 - Vi
52,077 0 .000228 X Fe - Vi
52,149 0 .000317 X F5 - V2
52,495 0 .3 8 7 y,z F7 - Vi
* The orbital numbering corresponds with table of eigenvalues.
TABLE XVI
TRANSITION ENERGIES, OSCILLATOR STRENGTHS AND POLARIZATIONS 
FOR AMINOFERROCENE, AS CALCULATED WITH BASIS SET (ii)
48
TABLE XVI
Energy cm'1 f (Total) Polarization Label*
21,956 0.064786 y,z Fi -  Vx
25,078 0.005045 X Fl - V£
27,676 0.003384 X Fi -  V3
30,791 0.082611 y»* Fi -  V4
32,996 0 .0 4 2 5 3 7 X F£ - Vx
34,118 0.033880 y,z F£ - V£
35,382 0.032439 X Fi - V5
37,000 0 .0 1 7 0 3 0 y,z F3 - Vx
3 8 ,1 2 2 0.000818 X F3 -  V£
38,716 0 .0 3 8 4 9 0 y ,z f £ -  v3
39,250 0 .1 2 8 8 6 3 y ,z Fi -  Ve
40,637 0 .0 2 4 3 0 0 y ,* F4 VX
41,759 0 .0 0 0 4 7 0 X F4 -  V£
41,830 0 .0 0 5 9 4 4 X F£ - V4
4 2 ,7 2 0 0 .0 0 2 7 0 0 X f 3 -  V3
42,821 0.222486 y,z Fi - V7
45,835 0.004840 y,z Fa - V4
46,357 O.OO3866 X F4 -  V3
46,421 O.OI7070 y ,z F£ ■"* V5
* The orbital label corresponds to the label in the table of eigenvalues, 
Table X.
CONCLUSIONS
The low energy transitions (Systems II and III) which are forbidden 
in ferrocene, become allowed in the monosubstituted derivatives and os­
cillator strengths are now calculable. The computed oscillator strengths 
for aminoferrocene are of that order of magnitude found in ferrocene; a 
slight increase of extinction of these two bands is predicted. Both con­
clusions appear to accord with experiment. The oscillator strengths of 
the low energy bands of chloroferrocene are predicted to be smaller than 
those observed in either ferrocene or chloroferrocene; consequently, it 
must be concluded that vibronic stealing remains the principal source of 
intensity in the low energy bands of chloroferrocene.
i
The low energy bands are predicted to red-shift upon substitution by 
a typical electron donor substituent (-NHg). This appears to be in ac­
cord with experiment. On the other hand, a blue shift is predicted upon 
substitution by -C^. Again, this appears to be in accord with experiment 
for an electron acceptor substituent. Unfortunately, there is a dearth 
of information on simple substituted ferrocenes. The red shifts of these 
low energy bands for nickelocene are also correctly predicted.
The intermediate energy region (corresponding to Regions IV, V, VI 
and VII of ferrocene) is predicted to intensify upon substitution. It 
should also become more complex because of the large increase of the 
number of possible allowed transition. Again, this appears to accord 
with experiment.
The high energy region (corresponding to Regions IX and X of ferro­
cene) is expected to become more complex, but to de-intensify upon sub­
stitution. No experimental data of value appear to be available.
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It is evident that the bonding between the ligands and the iron in 
ferrocene is dominated by the so-called sigma-orbitals of the ligands. 
Also, it is noted by inspection of the eigenvectors that there is little 
or no interaction between the ligands themselves. The iron 4s and 4p 
orbitals are predicted not to be involved in ground state bonding.
It is also noted from inspection of those eigenvectors in which the 
iron orbitals are involved and from the overlap matrix that the coeffi­
cients of the so-called TT-orbitals of the ligands are much smaller than 
those of the O-orbital (c and TT defined with reference to ring plane). 
This is understandable if one notes that the n-orbitals are involved with 
the metal only through 0^-type overlaps; the TT/-type overlaps being small 
for geometry reasons (a/ and TT1 are defined with reference to z-axis of 
Fig. 5)- On the other hand, the c-type orbitals of the ligands will be 
interacting through f^-type overlaps and these are found to be large. It 
must be pointed out, however, that no unique separation of the (J- and T T -  
atomic orbitals or molecular orbitals is possible in metallocenes.
The results obtained rationalize the aromatic nature of the rings 
exhibited in Friedel-Crafts reactions.
COMMENTS
There appears to be reasonable correlation of experiment and theory 
In most regards. The work was Initially undertaken to Investigate the 
metal atom charge - a subject In dispute, even with respect to sign, be­
tween Dahl and Ballhausen3* and Shustorovich and Dyatkina3; we accord 
with the latter set of authors.
The assignments of electronic transitions which have been made are 
by no means correct or even unique. The only merit of the assignments 
made is that they rationalize the observed spectrum with regard to energy, 
extinction, polarization and substitution behavior where such is known.
Slight changes in parameterization could yield ionizing orbitals of 
eig» eiu> efig or e2u representation (see Table III) instead of the alg 
ionizing orbital which we have consistently used. Such changes will not 
significantly affect the sign of the charge on iron, nor the degeneracy 
of the highest filled orbital of nickelocene. It will affect to some 
degree the energies of the lower energy transitions of ferrocene and to 
a lesser degree the energies of the higher energy transitions.
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Semiempirical Molecular Orbital Calculations. I. The Electronic Structure of 
HiO and H ,Sf
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The retulte of calculation! of the molecular orbitala of HtS and HjO are reported. The molecular orbital 
energies were obtained at the eelf-coniiitent charge diitribution, from the eecular equation
| flt|- £Ci/1 —0.
An open-shell treatment of the oxygen and lulfur p orbital* wu used, together with the relationship, //,,«■
(3~ I Sn |) for the reionance integral*. The orbital energie* agree very well with thoie from
oA initio calculation* and the method ihould prove uieful with larger molecule* where a more lophiiticated 
treatment i* not feaaible.
INTRODUCTION
TH E fact that rigorous SCF calculations on poly­atomic molecules of even moderate size are unlikely 
to be feasible for some time, has led to a renewed interest 
in semiempiric&l methods. The most commonly used 
of these, the Mulliken-Wolfsberg-Helmholz method, 
has been examined recently by several authors.1*’1 The 
methods used in each case were essentially the same. 
The secular equation
\ H t , - E G n \  = 0
obtained on application of the variation principle to a 
linear combination of atomic orbitals was solved for 
the orbital energy values. The matrix elements, H ti, 
of an effective one-electron Hamiltonian were set 
proportional to the corresponding overlap integrals Gti, 
using either the original suggestion of Wolfsberg and 
Helmholz*
or that of Ballhausen and Gray*
where k and k ' usually have values which lie between 
1.5 and 2. The / / , ,  terms or Coulomb integrals were 
approximated as the negative of the atomic-valence- 
state ionization potentials (V SIP). Viste and Gray1 
further suggested a method of allowing for the effects 
of charge and configuration upon the VSIP, which 
enabled the calculation to be made self-consistent with 
respect to charge. Although the results of calculations
t Supported by grants from the Army Research Office, The 
National Science Foundation and The U.S. Atomic Energy 
Commission— Biology Branch, to the Louisiana State University.
* U.S. Atomic Energy Commission Postdoctoral Fellow.
t Alfred Sloan Foundation Fellow.
1 R. F. Fenske and C. C. Sweeney, Inorg. Chem. 3, 1105 
(1964).
1 F. A. Cotton and T- E. Haas, Inorg. Chem. 3, 1004 (1964).
•A. Viste and H. B. Gray, Inorg. Chem. 3, 1113 (1964).
1 M. Wolfsberg and L. Helmholz, J. Chem. Phy*. 29, 837 
(1952).
1 C. J. BallhauseD and H. B. Gray, Inorg. Chem. I, 111 (1962).
on individual molecules were encouraging, the agree­
ment with experiment in most cases was obtained only 
by an arbitrary assignment of values to the propor­
tionality constants k and k' which would produce this 
agreement—a situation which rendered the method 
practically useless in discussing the systematics of the 
spectra of inorganic molecules. Cusachs, however, has 
recently suggested an expression for the resonance 
integral* which offers the possibility of overcoming this 
difficulty and we have used it in conjunction with the 
procedure outlined above to calculate the orbital energy 
levels of HiO and H 2S. These molecules were chosen 
because at the time the work was begun, no calculations 
had been reported on HjS7 which formed the first 
member of the series
R(S),R' R,R'=  H, ( H, « < 4 .
The results of such a calculation were of importance 
in an examination of the bonding in polysulfides being 
conducted by us * In addition, the orbital energies ob­
tained could be compared with those from more 
rigorous SCF calculations as a test of the method.
PROCEDURE
The orbitals used were Slater orbitals and their 
symmetry classification is given in Table I- The z axis 
bisects the ZHOH or ZH SH ; the x  axis is perpendic­
ular to the molecular plane.
Coulomb Integral* for Oxygen and Sulfur
Several methods were used to calculate the oxygen 
and sulfur H u  values.
(i I The diagonal matrix elements were approximated 
as the negative of the VSIP’s following Viste and Gray,'
* L. C. Cusachi, J. Chem. Phy*. <3, 157S (1965).
7 Calculation* on HiS have *ince been reported by: R. Mocci*, 
J. Chem. Phy*. 49, 2186 (1964); K. E. Banyard and R. B. Hake, 
ibid. 41, 322t (1964).
‘S. D. Thompson, D. G. Carroll, and S. P. McGlynn (to tie 
published).
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Table I. Orbital lymmetriet.
Hydrogen
Representation Atomic orbitals group orbitals 
s>PtAPA^ -r *i»Afi( Ifi+lii)
P*\ in
pti dir# A,( t ii — tjj)
who gave the necessary values for oxygen. Those for 
sulfur were calculated from atomic term values in 
Moore’s tables*
(it) Viste and Gray calculated the oxygen 2s and 
2p Coulomb integrals for a given charge by combining 
VSIP’s of the configurations 2&2pm~l and 2s2pn. Some 
spectra] terms necessary for the calculation of the 
la tter (e.g., 2fP, 3fP) are not observed and must be 
estimated; therefore, additional calculations were per­
formed in which the spn configuration was ignored.
(iii) Hinze and JafT<1* have tabulated valence-state 
promotional energies for variously ionized states of 
oxygen and sulfur. Their values appear to have resulted 
from a smoothing process across an isoelectronic series; 
VSIP’s calculated from them give values slightly differ­
ent from those of (i) above. Calculations were also 
performed using these VSIP’s.
(iv) Cusachs and Reynolds" have recently reported 
values of the diagonal matrix elements for the r and p 
orbitals of the first two rows of the periodic table as a 
function of the orbital occupancy and the atomic charge
B u = A  { l , n )+ B q ,
where n is the number of electrons in the orbital and q 
is the net charge on the atom. For an oxygen p orbital 
containing one electron, A(p ,  11 =  17.6 eV and with 
two electrons A (p, 2) =  15.3 eV; B  has the value 12,0 eV 
per unit charge. We have modified the equation to
Jl , i = A ( P O P i ) - C + B q ,
where P O P , is the orbital occupation number of the 
orbital under consideration computed by a Mulliken 
population analysis.11 For the case considered above, A 
and C have the values —2.3 and 19.9 eV, respectively. 
In this way Coulomb integrals were calculated for each 
of the three p  orbitals of oxygen and sulfur separately.
Coulomb Integrals for Hydrogen
To allow for the charge dependence of the hydrogen 
1j Coulomb integrals, an equation was fitted to the 
ionization potentials of the isoelectronic series Li4 +, 
He+, H, and of the H -  ion. The ionization potentials
*C. E. Moore, “Atomic Energy Levels”, Natl. Bur. Std. 
Circ. No. 467 (1949 and 1952).
** J. Hince and H. H. Jaftt,J. Am. Chem. Soc. 14, 540 (1962).
11 L. C. Cusachs and J. W. Reynolds (to be published).
11R. S. Mulliken, J. Chem. Phy». 23, 1841 (1955).
of H-  was taken11 to be 0.7546 eV. By this means the 
H u  were obtained as a function of charge. For the 
group orbitals
* - [ 2 ( I + 5 ) } - * ( I x,+ 1 j.)
ff,« C 2 ( l - 5 ) ] - » { l j l- h l)
the H u’s were obtained by solving the appropriate 2X2 
determinant. Table II gives the VSIP’s and the equa­
tions from which the various H ,,’s were calculated.
Resonance Integral
The main objection to both the suggestions of 
Wolfsberg and Helmholz and Ballhausen and Gray is 
the fact that the proportionality constant k had to be 
varied from molecule to molecule in order to give 
reasonable agreement with experiment. Cotton and 
Haas,* however, observed that the value of k necessary 
for agreement, varied inversely as the overlap across a 
series of hexamine complexes of the first transition series. 
Cusachs* suggested the approximation
//„=(2- | Sij\){H»+Hj,)Gi,/2,
where 5 ,/and G i} are atomic and groupoverlapintegrals, 
respectively. This relationship contains no undeter­
mined parameters and reproduces the trend observed 
bv Cotton and Haas as well as the relative magnitudes 
of the proportionality constants commonly used for 
*■ and a bonds ( k t > k m) . We have used this equation in 
the calculation reported here.
Solution of Secular Equation
An arbitrary initial charge and configuration was 
chosen for each atom, and the corresponding H ,,’s and 
H i/s  were calculated. In  calculating the overlap 
integrals the orbital exponent was varied at each 
iteration to take account of the atomic charges. The 
group overlap integrals appropriate to the self-consis­
tent charge configuration and whose normalization 
takes account of H -H  interaction, are given in Table 
I II ; those for water agree reasonably w e l l  with the S C F  
overlap integrals of F.lUson and Shull.14 The resulting 
secular equation | / / „ — EG,j | =0 was solved for eigen­
vectors and eigenvalues and a Mulliken population 
analysis performed in which the overlap populations 
were divided equally between the two basis functions 
involved. From this a new charge and configuration 
was computed. The self-consistent procedure involved 
finding that charge which was unchanged within given 
limits, (in our case 0.01 electronic charge units) upon 
one calculation cycle. The process is usually one of 
trial and error but it is convenient to have the computer 
iterate to self-consistency. However, as there is no 
convergence property inherent in the system, the calcu-
"  C. L. PeUeris, Phys. Rev. 112, 1649 (1948).
'* F. O. Ellison and H. Shult, J. Chem. Phys. 23, 2348 (1955).
SEMIEMPIRICAL M O L E C U L A R  ORBITAL CALCULATIONS. I 1867
T able  II. VSIP values And equations uied (electron volte).
Charge
Atom Orbital Configuration -l 0 + 1
Oxygen I t i*" 35.41 51.74l \pt-i 17.24-dS.4S)1> 32.37(32.30) 49.16(49.14)
Method (iv) — -2. l(POP,) +36.2+15.2g
Ip tp■ 15.68 32.63
3>P'-' 2.31(2.01) 15.84(14.61) 33.20(33.20)
Method (iv) H „ - -2.3(J>OP,) + 19.9+12.0g
3i '*p*r^ ,Sl• 4.31 12.32
Ip  t*p*-*3^ * 3.0 9.51
Sulfur 3j jV ’1 11.04(11.53) 20.70(21.13) 33.49(33.20)
Method (iv) //„ — -2.43(POP,)+26.I5 + 9.7f
Ip jV*-1 2.65(2.38) 11.60(11.05) 22.2(23 11)
Method (iv) — 1.12(POP,) +13.62 +9.7}
id  s>p'iid‘ 3.67 9.87
4r Mr* 3.76 9.80
4p s?p'rM p' 3.02 7.44
Hydrogen //-- — 0,121f*+ 13.97j*+26.931^  + 13.6
* M ethods (i) ted  (il)> 
k Method (lil).
laiion usually diverges if the output charge distribution 
from one iteration is used as the input for the next.1*-17
Lohr and Lipscomb11 did manage to achieve con- 
vergence by lowering the charge dependence of the 
coulomb integrals from about 15 to 2 eV per unit 
charge. This amounts to regarding the valence orbitals 
as inner shells insofar as their energy dependence on 
charge distribution in the molecule is concerned; we 
think this a doubtful procedure because of the known 
sensitivity of free-atom ionization potentials to atomic 
charge. Hartree11 has suggested the use of the relation
Input 11= Input I—X(Input I - O u tp u t  I I ) ,
where the parameter X for ‘‘steepest descent” can be 
estimated by McWeeny’s method.11 In the calculations 
reported here, X was given a value of 0.1 for each 
cycle which, while not the optimum value, gave fairly 
rapid convergence.
Calculations were performed on an IBM  7040 com* 
puter using a  self-contained Fo r t r a n  language program. 
Iteration times were 2 sec for HiO and 12 sec for H tS.
**L. L. Lohr and W. N. Lipscomb, J. Chem. Phys. 38, 1607 
(1961).
11K. Ohno, Y. Tanabe, and F. Sasaki, Theoret. Chim. Acta. 
1, 378 (1963).
" G. Berthier, P. Millie, and A. Veillard, J. Chim. Phys. 63,
8 (1965).
u D. R. Hartree, The Calculation of Atomic Structure! (John
Wiley A Sons, Inc., New York, 1957), p. 88.
11R. McWeeny, Proc. Roy. Soc. (London) A235, 496 (1956).
* T b ttt v ilu e i um4 for all four nwthodt. POP li th t orbful occupation 
number and f it the net itom ic rhtr(e.
Calculation usually converged within 20 cycles, if 
neutral atom charges and configurations were initial 
inputs.
r e s u l t s  a n d  d i s c u s s i o n
The orbital energies of ILO and HjS calculated for 
each set of Coulomb integrals are shown in Table IV 
and they compare favorably with those obtained from 
more rigorous SCF calculations. Table V gives the 
eigenvectors and population analysis. A comparison of 
the results of Methods (i) and (ii) shows that neglect 
of the ip* configuration in calculating the coulomb 
integrals by Gray's method had little effect. This was 
to be expected, for in an iterative procedure, the opti­
mum mixing of the various orbitals on the one atom
T a b l f .  III. Group overlap integrals for self-consistent charge 
configuration.1
HsO H.S
G(2s, at) =0.626 G(3j, r,) -0.651
G(2p,, e,)-0.264 C(3p„ <ri)-0.435
C (2 p „ a ,)-0.508 G(4j, vi) — 0.019
G(3s, »i) — 0.115 G{ip„oe) -0.577
1 Interatomic d itu a ce t used were: O— If 0 958 A, S—H 1.JJ4 A u d  uncles 
HOH 104.5*, HSHW.35*.
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T abu  IV. Orbital « mgies (electron volts).
Method m (« (hi) (iv)
Ellison 
Moccia and Shull Exptl I.P.'s
H.0
Ui — 29.19 -29.88 -29.59 -30.06 -36.06 -36.19 ...
1*. — IS.61 -15.51 -14.93 -17.09 -18.53 -18.55 16.2*0.3*
2a, -13.72 -13.55 — 12.97 -14.65 -15.12 -13,2 14.5±0.3*
1*. -12.00 -11.80 -11.19 -11.65 -13 47 -11.79 12.61*
3a, — 4.OS -3.98 -4 03 -3.97
4e, +0.76 +0.88 +0,79 +1.01
2*. +1.S8 +  1.61 +1.55 +1.68
Charge on oiygen -0.26 -0.26 -0.23 -0.31
HfS
lei -21.54 -21.93 -22.80 -25.57 ...
l»i -13.97 -13.62 -14.53 -14.43 14.0*0.2*
2a, -12.55 -12.16 -12.72 -12.35 12.2*0.2*
li, -11.12 -10.66 -10.56 -9.53 10.42*
3a, -3.47 -3.54 -3.26
3d' -3.36 -3.43 -3.15
if -2.80 -2.85 -2.65
4*. +0.09 +0.13 +0.09
7e, +7.83 +8.00 +8.39
Charge on tulfur -o.os -0.039 -0.085
* Fivefold dcfeocrete conUiaioa orbital* *tt, Joi, In, Mi, Ui. * Speclroocoptc, W, C. Fric*. J. Cham. Phy*. 1, 147 (1714).
* Threefold defeneret* coatainlns orbital, <e, Mi, 34,- • F. H. Field aed J. L.Frtnklin, Bitciro* fmptct Pktmmn* (Actdtmic
• Electro* impact, W. C. Frica and T. M. Suidaa, Tram. Faraday Soc. 44, Pm* Inc., Nan York, 19511, p. 240
lOt (IN*).
should emerge from the calculation and this should be the 3p orbitals as equivalent and dividing the total
independent of the starting configuration. The effect atomic population equally amongst them, would have
of charge and configuration on the molecular energy produced H u 's of — 11.10 eV for alt three ,which is
levels is shown in Table VI. In this case the H « ’i  near to tha t obtained in Method (i) (-11.12 eV). By
obtained for the 3p„ 3p¥, and 3p, sulfur orbitals were treating the p orbitals separately, Method (iv) gives
—  11.16, — 11,64, and — 10.56eV, respectively. Treating better over-all agreement with experiment, taking HiO
T a b l e  V. Eigenvectors and (population analysis]
MO 2r 2pm 2p. 2P. 3j lr (hydrogen)
H,0
lOl 0.804(0.786) -0.646(0.582) -0 020(0.0) -0.012(0.0) 0.167(0.108)
lfri ... ... ... ... -0.450(0.209)
2a, -0.433(0.054) ... 0.793(0.732) 0.019(0.0) 0.296(0.106)
l»> 1.0(1.0) ... ... ...
3a, 0.627(0.074) ... 0.517(0.156) -0.649(0.482) -0.489(0.144)
4o, -0.723(0.085) ... -0.487(0.112) -0.776(0.517) 0.582(0.142)
2*i ■ • • -0 965(0.418) ... 0.937(0.291)
MO i t 3p, 3p. ip. 4l U (hydrogen)
H,S
lai -0.739(0.717) 0.043(0.0) 0.002(0.0) -0.224(0.144)
l*i ... 0.581(0.520) ... ... 0.442(0.240)
2a, -0.432(0.072) ... 0.775(0.738) 0.004(0.0) 0.260(0.095)
1», .0(1.0) . . . . . . . . .
3oi -0.040(0.0) . . . -0.043(0.0) 0.998(0.998) 0.03(0.0)
44, . . . -1.078(0.480) . . . . . . 0.889(0.260)
u. 1 168(0.211) . . . 0.942(0.266) 0.064(0.0) -0.963(0.260)
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and H|S together; the results from it are used in dis­
cussing spectral assignments.
The first transition in water is assigned in Table VII
as
polarised perpendicular to the molecular plane, in 
agreement with the conclusions of Nagakura el al.m 
The oscillator strength may be calculated from the 
equation
/-i.o8sxio-*(»v*,




were evaluated as {Ari,/Ari/**)5(2p, 3p**'), where 
(V ./1* is the normalization constant tha t a 3p  orbital 
should have with the orbital exponent of an oxygen 2s. 
The overlap integral involved in this case is a one 
center integral and it was evaluated from the equation 
given by Mulliken el al.n Supplying the appropriate 
coefficients and summing over all the terms involved, 
the calculated oscillator strength is 0.003. Observed 
values have been quoted a t 0 03* and 0.084.10
The first transition in H»S has been assigned by 
Clark** as Ibr—*46. and the second and third as arising 
from the interaction of the transitions lft*—.7a, and 
2oi— Wi t h the ordering of the levels shown in 
Table IV, the first transition must be from the non-




3s, -,i f x, t 3p,' '3/«l *4j* •
At aeif-consiitency
Sulfur charge - -0.085 






3d -3.67 -3 15
** -3.02 -2.65
46. -0.16 +0.09
7a, + 8.15 +8.39
*• H. Tiubomura, K. Kimura, K. Kaya, J. Tanaka, and S. 
Nagakura, Tech. Rept., Institute for Solid State Physics, The 
Univeraity of Tokyo, Ser, A, No. 96.
11 R. S. Mulliken, C. A. Rieke, D. Orloff, and H. Orloff, J. Chem. 
Phys, 17, 1248 (1949).
11L. B. Clark, Ph.D. dissertation, University of Washington, 
1963.




Molecule (cm-1) Assignments (cm"1)
H<0
59 880 '4,,-'5,(14,-3a,) 62 000
-74 074 •A lA,[2e,— 3S(a,)] 86 200
51 000 'A [— ’5,(16,— 3a,) 58 400
63 300 ‘A lB,(14,— 4a,) 59 800
64 700 ‘A ,- ‘A,(It,-24.) 59 800
74 000 ‘A, ‘A, (2a,— 3a,) 75 800
88 000 ■A,— '5.(141— 3a,) 90 400
* ThoM lor w&tti tiken  from Bell |S . Bell, J. Mol. Spectry. 14, 203 O W ))  
and N tftk u r t  (B el. 20); lho*e for HiS taken from d ir k  (Ref. 22).
bonding orbitals lAi to one which is mainly 4s in charac­
ter (3<Ji). The oscillator strength, calculated as described 
previously, is 2X 10~*. This was obtained using an 
orbital exponent of 0.24 for the sulfur 4r orbital in 
the original calculations. However, the form of the 3ai 
orbital is very sensitive to the ^ value used and a slight 
increase to 0.32 gives a new 3a, orbital of the form
*  = 0 .0 7 5 (lr i)-0 .1 0 (3 jj-0 .l0 6 (3 p ,)+ 0 .9 9 (4 r)
+0.075(ls,)
and an oscillator strength of 0.003 nearer to the observed 
value of 0.04* The second and third observed bands*2 
of H.S are too diffuse to be pure Rydberg transitions. 
By analogy with the 4r orbital, even a slightly larger 
value for the 3d orbital exponent would produce some 
mixing with the molecular antibonding orbitals. The 
band a t 63 300 cm"' is therefore assigned *.4i—►
*4ai) involving mainly the sulfur 3d,< and 
3d,*_,' orbitals in the upper state and the band at 
64 700 cm-1 is M |—*l/ I 1*!—*2b,) with the 3dx, orbital 
making the largest contribution to 26,. The broad band 
beyond the Rydbergs centered at 88 000 cm-1 can then 
be assigned as l^41— 16^ —*3ax) .
The difference between the first transitions of the 
two molecules can be explained by a cross-over between 
the energies of the ( n + D r  and antibonding molecular 
orbitals in going from HjO, where »=  2, to H aS, where 
« =  3. In  sulfur the energy difference between the 
valence shell 3^ orbitals and the 4j orbitals of the next 
shell ( ~ 8  eV) is less than that in oxygen (■—11.5 eV). 
In  addition, the Ha  values of the <r2 and tip, orbitals 
are closer together for HjS ( —11.2 and —11.64 eV, 
respectively) than for H?0 ( — 11.0 and —13.57 eV) 
and this combined with a larger overlap produces 
splitting of the molecular orbitals in the case of 
H.S, sufficient to place the 4As orbital above the 4j, 
whereas in H.O the reverse occurs.
In  conclusion it appears as if the Mulliken-Wolfs- 
berg Helmholz method, extended as described here,
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does describe satisfactorily the electronic structure of 
small inorganic molecules.* The ground-state orbital 
energies obtained for H«0 and H|S are as good as those 
obtained from oft initio SCF calculations and the ener­
gies of the higher unfilled orbitals are more realistic. 
This probably arises from the quasi one-electron 
formalism and the relatively high input of empirical
* Calculations being completed on the first- end second-row 
oxides give equally encouraging results.
information which the methods permit. Its extension 
to large systems is being examined.
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APPENDIX II
EFFECTIVE SINGLE ZED SLATER ORBITALS FROM SCF ORBITALS
It is well-known that a single Slater type orbital (STO) cannot be 
considered a good representation of a self consistent field Hartree-Fock 
(SCF-HF) wavefunction. Various authors'8 1 »28 * 37 *38 have fitted linear 
combinations of STO's (up to 10 in some cases) to the SCF-HF wavefunc­
tions. The large number of STO functions necessary to fit an SCF-HF 
wavefunction is due primarily to the rapid variation of the SCF-HF func­
tion in the region near the nucleus. These large numbers of functions 
necessary to represent adequately the SCF-HF wavefunction are cumbersome 
for molecular orbital calculations. In fact, in ferrocene, their use en 
larges the STO basis set to such a degree that the computation becomes 
intractable by available machine procedures. However, chemical bonding 
is predominantly dictated by overlaps between atoms at reasonable dis­
tances of separation (i.e., 2 atomic units or more). We assume that a 
single STO can be constructed to give a reasonable representation of the 
SCF-HF wavefunction at these distances.
Taking into consideration the fact that most bond lengths are just 
the sum of the covalent radii of nearest neighbors, and the fact that 
any effective atomic orbital should reproduce the value of the self 
overlap of the SCF-HF wavefunction, one may construct effective single 
STO (ES-STO) functions. We illustrate this procedure in the following 
discussion.
Example of Carbon-Iron Bond:
The carbon-carbon bond length is 2.91 a.u., the iron-iron bond 
length is 1+.42 a.u., and the iron-carbon bond length in most compounds
is 3-90 to 3-50 a.u. (ferrocene, 3 -93 a.u.; and iron pentacarbonyl,
3.48 a.u.). If we approximate the iron-carbon bond distance as
Fe-C - (Fe-Fe + C-C)________________ ____(1)
we find the calculated iron-carbon bond length to be 3 -6 7 » which is in 
good agreement with the known values. Defining the covalent radii, Cr^, 
as £ (A-A bond length), most bond lengths may be reasonably represented 
by
(A-B) - CrA + CrB ..-.(2)
Therefore, it might be expected that the effective Slater orbital should 
match the SCF-HF wavefunction in that internuclear region corresponding 
to the covalent radius of the atom in question. This matching of func­
tions should be reflected in the matching of their self overlaps at a 
separation equal to their covalent diameter.
Self overlap is defined as
Sa b -<a|b> ....(3)
where
|a> - |b> ---- ( 4 )
and where a and b are on different atomic centers.
The following tables are the computer output of the program39 which, 
for a range of atomic separations, will find the orbital exponent (effec­
tive zed) of the single STO chosen which will best reproduce the self 
overlap of the reference orbital at each separation.
The heading for each table contains the source of the reference SCF 
function21>2£, the quantum numbers of the effective STO, n and JR., and 
the type of overlap calculated, M(M * 0 for sigma, M = 1 for pi). The 
multiple zed SCF function is reproduced for reference under the heading,
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Reference Function. Under appropriate headings are tabulated:
(i) the separation distance of the orbital centers in atomic 
units;
(ii) the exact self overlap of the reference function at this 
same separation
SgCF - < Ref 1 Ref >; ....(5 )
(iii) the self overlap of the effective single STO at the same
separation
Sfiff - < Eff | Eff >; ....(6 )
and (iv) the orbital exponent used to calculate this effective over­
lap .
In choosing an effective orbital and orbital exponent, the following 
recipe was followed:
1. Choose an orbital for which the effective zed has the least 
variation with distance.
2. Choose the exponent at a separation distance of the centers 
equal to the covalent diameter.
3. Choose the exponent for np and nd orbitals in such a manner 
as to maintain agreement for both sigma and pi type overlaps 
If this cannot be done, some judgment must be made as to 
which of these is the more important in the problem at hand.
The following is a list of the reference functions and effective 
orbitals which have been used.





I 1 5 . 2 3 0 9 - 0 . 2 7 1 7 6
2 1 7 . 9 6 9 0 C . 01555
3 2 1 . 1 6 7 8 C . 27368
A 2 1 . 8 2 0 3 C . 78907
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - 0 . 0 0 0 0 -C.COOOO
DISTANCE S . C . F . EFFECTIVE EFFECT I'
I A . U . > OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 3 2 2 0 0. 03CC9 1 . 1 0 0 0
5 . 8 0 0 . 0382A 0 . 0 3 5 5 1 1 . 1 0 0 0
5 . 6 0 0 . 0A536 0. 0A16A 1 . 1 0 0 0
5 . AO 0 . 0 5 3 7 3 0 . 0A92 2 1 . 1 0 0 0
5 . 2 0 0 . 0 6 3 5 5 0 . 0 5 0 9 1 1 . 1 0 0 0
5 . 0 0 0 . 0 7 5 0 3 0 . 0 7 0 2 5 1 . 0 9 5 0
A. 00 0 . 088A2 0 . 08 3A5 1. C900
A . 60 0 . 1 0 3 9 6 0 .  10035 1 . 0 8 5 0
A. AO 0 .  12193 0 . 1 1 8 1 7 1 . 0 7 5 0
A . 20 0. 1A261 0 .  13858 1 . 07C0
A.CO 0 . 1 6 6 2 8 0 .  16183 1 . 0 6 5 0
3 . 8 0 0 . 1 9 3 2 1 0 . 190A9 1 . 0 6 0 0
3 . 6 0 0 . 2 2 3 6 1 0 . 2 2 0 2 8 1 . 0 5 0 0
3 . AO 0 . 2 5 7 6 6 0 • 25  3 5 A 1 . 0A50
3 . 2 0 0.295AA 0 . 2 9 3 1 8 l.OACO
3 . 0 0 0 . 3 3 6 9 2 0 . 3 3 3 8 1 1 . 0 3 0 0
2 . 8 0 0 . 3 8 1 9 1 0 . 3 7 8 0 5 1 . 0 2 5 0
2 . 6 0 0 . A 3001 0 . A257 7 1 . 0 2 0 0
2.A0 0 . A8062 0 . A767 2 1. C150
2 . 2 0 0 . 5 3 2 9 0 0 . 530A8 1 . 0 1 0 0
2 . 0 0 0 . 5 8 5 8 0 0 . 5 8 3 7 5 1 . 0 0 5 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
CAReCN 2S C L E M E N T  I C O U B . Z E T .  N *  2 LA* 0 M* 0
REFERENCE FUNCTION >
TERM N ZED COEFFICIEN
1 1 5 . 2 3 0 9 - C . 27176
2 1 7 . 9 6 9 0 0 . 0 1 5 5 5
3 2 . 1 . 1 6 7 8 0 . 2 7 3 6 8  -
6 2 1 . 8 2 0 3 C. 7 8 9 0 J
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - C . 0 f00 0 .
*  ^
m
STANCE S «Ca F. EFFECTIVE EFFECTIV
A.U.  » OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 3 2 2 0 0 . 0 3 3 6 7 1 . 5 0 0 0
5 . 8 0 0 . 0 3 8 2 6 0 . 0 6 0 6 2 1 . 5 0 0 0
5 . 6 0 0 . 0 6 5 3 6 0 . 0 6 8 8 5 1 . 5 0 0 0
5 . 6 0 0 . 0 5 3 7 3 0 . 0 5 8 5 7 1 . 5 0 0 0
5 . 2 0 0 . 0 6 3 5 5 0 . 0 5 9 9 9 1 . 5 5 0 0
5 . 0 0 0 . 0 7 5 0 3 0 . 0 7 2 0 8 1 . 5 5 0 0
6 . 8 0 0 . 0 8 8 6 2 0 . 0 8 6 2 7 1 . 5 5 0 0
6 . 6 0 0 . 1 0 3 9 6 0 . 1028A 1 . 5 5 0 0
6 . 6 0 0 . 1 2 1 9 3 0 . 1 2 2 0 7 1 . 5 5 0 0
6 . 2 0 0 . 1 6 2 6 1 0 . 1 6 6 2 5 1 . 5 5 0 0
6 . 0 0 0 . 1 6 6 2 8 0 . 1 6 9 6 6 1 . 5 5 0 0
3 . 8 0 0 . 1 9 3 2 1 0 . 1 9 6 6 8 1 . 5 5 0 0
3 . 6 0 0 . 2 2 3 6 1 0 . 2 2 7 1 5 1 . 5 5 5 0
3 . 6 0 0 . 2 5 7 6 6 0 . 2 6 1 2 9 1 . 5 6 0 0
3 . 2 0 0 . 2 9 5 6 6 0 . 2 9 9 2 6 1 . 5 6 5 0
3 . 0 0 0 . 3 3 6 9 2 0 . 3 6 1 0 3 1 . 5 7 0 0
2 . 8 0 0 . 3 8 1 9 1 0 . 3 8 6 6 2 1 . 5 7 5 0
2 . 6 0 0 . 6 3 0 0 1 0 . 6 3 3 6 2 I . 5800
2 . 6 0 0 . 6 8 0 6 2 0 . 6 8 3 9 7 1 . 5 9 0 0
2 . 2 0 0 . 5 3 2 9 0 0 . 5 3 7 2 1 1 . 6 0 0 0
2 . 0 0 0 . 5 8 5 8 0 0 . 5 8 1 5 9 1 . 6 6 0 0
• E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  L I M I T
;ARBCN 2P CLEMENT I 001)B.ZET.  N* 2 LA* I
REFERENCE FUNCTION
TERM N.. ZED COEFFICIEN
1 2 1 . 2 5 5 7 C. 80168
2 2 2 . 7 2 6 2 C.260A8
3 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
A 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
5 0 - 0 . 0 0 0 0 - C . 00000
6 0 - 0 . 0 0 0 0 - C . 00000
Cl STANCE S . C . F . EFFECTIVE EFFECT IV
I A . U . ) overlap OVERLAP ZED
6 . 0 0 0 . 09A77 0 . 0 6 9 3 8 0 . 0 0 0 0 *
5 . 8 0 0 . 1 0 7 2 0 0 .  10697 1 . 3 8 0 0
5 . 6 0 0 . 1 2 0 7 3 0 . 1 2 1 6 9 1 . 3 8 0 0
5 . AO 0 . 1 3 5 3 1 0 . 135A3 I . 3930
5 . 2 0 0 . 1 5 0 8 7 0 . 1 5 0 A3 1. A030
5 . 0 0 0 . 1 6 7 2 7 0 . 1 6 6 6 8 1 • A130
A . 80 0 . 18A31 0 .  18A1A 1. A230
A . 60 0 . 2 0 1 6 9 0 . 2 0 2 6 9 1 . A330
A. AO 0 . 2 1 9 0 5 0 . 2 1 8 5 6 1 . A530
A. 20 0 . 2 3 5 8 7 0 . 2 3 5 2 8 1. A730
A. 00 0 . 2 5 1 5 A 0 . 2 5 2 2 8 1. A930
3 . 8 0 0 . 2 6 5 2 8 0 . 2 7 8 5 2 0 . 0 0 0 0 *
3 . 6 0 C . 276 16 0 . 2 7 5 3 9 1 . 5 8 0 0
3 . AO 0 . 2 8 3 0 9 0 . 2 8 3 6 9 1 . 6 3 8 0
3 . 2 0 0 . 2 8 A 7 8 0 . 3 0 7 7 2 0 . 0 0 0 0 *
3 . 0 0 0 . 2 7 9 8 0 0 . 3 3 2 A6 0 . 0 0 0 0 *
2 . 8 0 0 . 2 6 6 5 1 0 . 2 6 5 7 3 1 . 2 5 0 0
2 . 6 0 0 . 2 A 3 I 7 0. 21A7A 0 . 0 0 0 0 *
2 . AO 0 . 2 0 7 9 5 0 . 2 6 9 1 A o . c o o o *
2 . 2 0 0 . 1 5 9 0 0 0 . 1 5 8 3 5 1 . 3 6 0 0
2 . 0 0 0 . 09 A5 9 0 . 0 6 9 2 0 0 . 0 0 0 0 *
E F F E C T I V E O V E R L A P  NOT Vi ITH IN C O N F I D E N C E  L I M I T









( A . U . »
6.00
5 . 8 0
5 . 6 0
5 . 4 0
5 . 2 0
5 . 0 0
4 . 8 0  
4 . 60
4 . 4 0
4 . 2 0
4 . 0 0
3 . 8 0
3 . 6 0
3 . 4 0
3 . 2 0
3 . 0 0
2 . 8 0
2 . 6 0











S . C . F .
OVERLAP
0 . 0 2 1 8 7  
0 . 0 2 6 1 1  
0 . 0 3 1 1 1  
0 . 0 3 7 0 0  
0 . 0 4 3 9 2  
0 . 0 5 2 0 4  
0 . 0 6 1 5 3  
0 . 0 7 2 5 9  
0 . 0 8 5 4 6  
0 . 1 0 0 3 6  
0 . 1 1 7 5 7  
0 . 1 3 7 3 7  
0 . 1 6 0 0 6  
0 .  18594  
0 . 2 1 5 3 4  
0 . 2 4 8 5 6  
0 . 2 8 5 8 8  
0 . 3 2 7 5 4  
0 . 3 7 3 7 2  
0 . 4 2 4 4 8  
0 . 4 7 9 7 5
FUNCTION
ZED
1 . 2 5 5 7
2 . 7 2 6 2
-C.0000 
- 0 . 0 0 0 0  
- 0 . 0 0 0 0  
- 0 . 0 0 0 0
EFFECT IVE 
OVERLAP
0 . 0 2 6 5 4  
0 . 0 3 0 5 5  
0 . 0 3 0 1 7  
0 . 0 3 6 4 1  
0 . 0 4 3 8 3  
0 . 0 5 2 6 3  
0 . 0 6 3 0 4  
0 . 0 7 5 2 9  
0 . 0 8 9 6 5  
0 . 1 0 5 0 3  
0 .  12134  
0 .  14178  
0 .  16357  
0 . 1 9 0 4 1  
0 . 2 1 9 0 6  
0 . 2 5 1 6 3  
0 . 2 9 0 6 0  
0 . 3 3 2 0 3  
0 . 3 7 8 2 1  
0 . 4 2 9 2 0
0 . 4 8 2 7 6
COEFFICIENT
0 . 8 0 1 6 8  
0 . 2 6 0 4 8  
-C.COOOO 
- C . 00000  
- 0 . 0 0 0 0 0  
- 0 . 0 0 0 0 0
EFFECTIVE
ZEO
1 . 3 0 0 0
1 . 3000
1 . 3 6 0 0
1 . 3 6 0 0
1 . 3 6 0 0
1 . 3 6 0 0  
1 . 3 6 0 0
1.  3600
1 . 3 6 0 0
1 . 3 6 0 0  
1 . 3 6 5 0  
1 . 3 7 5 0  
1 . 3 8 0 0  
1 . 3 9 0 0  
1 . 3 9 5 0  
1 . 4 0 5 0  
1 . 4 1 5 0  
1 . 4 2 0 0  
1 . 4 3 0 0  
1 . 4 4 0 0  
1 . 4 5 0 0
E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  L I M I T
N I T R O G E N  C L E M *  D O U B .  Z E T A  2S N*  1 L A *  0 M*
TERM
REFERENCE FUNCTION
N z e o COEFFICIENT
1 I 6 . 1 1 8 6 - C . 28596
2 1 8 . 9 3 8 4 C. 01913
3 2 1 . 3 9 3 3 0 . 3 0 8 1 1
4 2 2 . 2 2 1 6 C . 76300
5 0 - 0 . 0 0 0 0 - C . 00000
6 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECTIVE EFFECTI
( A . U . ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 1 2 5 0 0 . 0 0 9 4 0 1 . 3 5 0 0
5 . 8 0 0 . 0 1 5 3 7 0 . 0 1 1 6 4 1 . 3 5 0 0
5 . 6 0 0 . 0 1 8 8 8 0 . 0 1 4 3 B 1 . 3 5 0 0
5 . 4 0 0 . 0 2 3 1 7 0 . 0 2 1 8 5 1 . 3 0 0 0
5 . 2 0 0 . 0 2 8 3 9 0 . 0 2 6 6 5 1 . 3 0 0 0
5 . 0 0 0 . 0 3 4 7 4 0 . 0 3 2 4 5 1 . 3 0 0 0
4 . 8 0 0 . 0 4 2 4 4 0 . 0 3 9 4 2 1 . 3 0 0 0
4 . 6 0 0 . 0 5 1 7 6 0 . 0 4 7 8 0 1 . 3 0 0 0
4 . 4 0 0 . 0 6 3 0 0 0 . 0 6 7 7 7 1 . 2 5 0 0
4 . 2 0 0 . 0 7 6 5 1 0 . 0 8 1 0 1 1 . 2 5 0 0
4 . 0 0 0 . 0 9 2 6 8 0 . 0 9 6 5 8 1 . 2 5 0 0
3 . 8 0 0 . I 1194 0 .  11482 1 . 2 5 0 0
3 . 6 0 0 . 1 3 4 7 4 0 .  13609 1 . 2 5 0 0
3 . 4 0 0 . 1 6 1 5 6 0 .  16077 1 . 2 5 0 0
3 . 2 0 0 . 1 9 2 8 3 0 . 1 8 9 2 6 1 . 2 5 0 0
3 . 0 0 0 . 2 2 8 9 7 0 . 2 2 4 C5 1 . 2 5 0 0
2 . 8 0 0 . 2 7 0 2 5 0 . 2 6 5 9 2 1 . 2 4 5 0
2 . 6 0 0 . 3 1 6 7 9 0 . 3 1 3 0 8 1 . 2 3 5 0
2 . 4 0 0 . 3 6 8 4 3 0 . 3 6 5 5 3 1 . 2 2 5 0
2 . 2 0 0 . 4 2 4 6 6 0 . 4 2 0 5 3 1 . 2 1 5 0
2 . 0 0 0 . 4 8 4 5 5 0 . 4 8 0 1 6 1 . 2 1 0 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
N I T R O G E N  C L E M ,  COUB. Z E T A  2S
REFERENCE FUNCTION 
TER* N ZED
N* 2 LA* 0 M 
COEFFICIENT
1 I 6 . 1 1 8 6 - 0 . 2 8 5 9 6
2 1 8. 938A C . 01913
3 2 1 . 3 9 3 3 C . 30811
A 2 2 . 2 2 1 6 C . 76300
5 0 - 0 . 0 0 0 0 - o . o o o c o
6 0 - C . 0 0 0 0 - 0 . 0 0 0 0 0
Cl STANCE S . C . F . EFFECTIVE EFFECT I
IA.IJ.I OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 1 2 5 0 0 . 0 1 7 A2 1 . 5 0 0 0
5 . 8 0 0 . 0 1 5 3 7 0 . 0 1 7 9 3 I . 7 2 0 0
5 . 6 0 0 . 0 1 8 8 8 0 . 02 2A6 1 . 7 2 0 0
5 . AO 0 . 0 2 3 1 7 0 . 0 2 8 0 A 1 . 7 2 0 0
5 . 2 0 0 . 0 2 8 3 9 0 . 0 2 9 5 8 1 . 7 7 0 0
5 . 0 0 0. 03A7A 0 . 0 3 6 9 9 1 . 7 7 0 0
A . 80 0.0A2AA 0.OA607 1 . 7 7 0 0
A . 60 0 . 0 5 1 7 6 0 . 0 A 9 6 9 1 . 8 2 0 0
A. AO 0 . 0 6 3 0 0 0 . 0 6 1 8 8 1 . 8 2 0 0
A. 20 0 . 0 7 6 5 1 0 . 0 7 6 6 8 1 . 8 2 0 0
A. 00 0 . 0 9 2 6 8 0 . 09 A50 1 . 8 2 0 0
3 . 8 0 0 . 1119A 0 .  11581 1 . 8 2 0 0
3 . 6 0 0 .  13A7A 0 .  13972 1 . 8 2 0 0
3.  AO 0 . 1 6 1 5 6 0 .  15769 1 . 8 7 5 0
3 . 2 0 0 .  19283 0 .  1909A 1 . 8 6 5 0
3 . 0 0 0 . 2 2 8 9 7 0 . 229A7 1 . 8 6 5 0
2 . 8 0 0 . 2 7 0 2 5 0 . 2 7 3 5 A 1 . 8 6 5 0
2 . 6 0 0 . 3 1 6 7 9 0 . 3 1 9 6 2 1 . 8 6 5 0
2 . AO 0 . 368A3 0 . 3 7 2 9 A 1 . 8 7 5 0
2 . 2 0 0. A2A66 0 . A2963 1 . 8 0 0 0
2 . 0 0 0 . ASA55 0 . A80A7 1. 9A00
E F F E C T I V E O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
NITROGEN CLEN, DOUB. ZETA 2P 
TERN
N- 2 LA- 1
REFERENCE FUNCTION
N ZEO COEFFICIENT
1 2 1.5059 C.78256
2 2 3.2674 C.28321
3 0 -0.0000 -0.00000
4 0 -0.0000 -0.00000
5 0 -C.0000 -0.00000
6 0 -0.0000 -c.ocooo
DISTANCE S.C.F. EFFECTIVE EFFECTIV
IA.U. ) OVERLAP OVERLAP ZED
6.00 0.04031 0.04517 1.5000
S.80 0.04792 0.04594 1.6450
5.60 0.05674 0.05562 1.6450
5.40 0.06686 0.06699 1.6450
5.20 0.07841 0.08023 1.6450
5.00 0.09145 0.09551 1.6450
4.80 0.10604 0. 10250 1.6950
4. 60 0.12218 0.12132 1.6850
4.40 0.13980 0. 14247 1.6850
4.20 0.15872 0. 16279 1.6850
4.00 0.17866 0. 17588 1.7450
3.80 0.19918 0.20259 1.7350
3.60 0.21963 0.22318 1.7350
3.40 0.23913 0.23792 1.8100
3.20 0.25656 0.25420 1.8600
3.00 0.27044 0.27163 1.9100
2.80 0.27890 0.27935 2.0100
2.60 0.28000 0.28025 2.1600
2.40 0.27096 0.26746 2.4100
2.20 0.24895 0.30876 0.0000*
2.00 0.21080 0.20836 „ 1.6000
E F F E C T I V E  O V E R L A P  N O T W I T H I N  C O N F I D E N C E  L I M I T
NITROGEN CLEM* DOUB. ZETA 2P N« 2 LA* 
REFERENCE FUNCTION
TERM N ZED COEFFICIEI
1 2 1.5059 0.78256
2 2 3.267A 0.28321
3 0 -0.0000 -0.00000
A 0 -C.0000 -0.00000
5 0 -0.0000 -C.00000
6 0 -0.0000 -0.00000
DISTANCE S.C.F. EFFECTIVE EFFECTI'
IA.U. ) OVERLAP OVFRLAP ZED
6.00 0.00705 0.01123 1.5000
5. BO 0.00881 0.01131 1.5500
5.60 0.01099 0.01A18 1.5500
5. AO 0.01366 0.01772 1.5500
5.20 0.01699 0.01837 1.6000
5.00 0.02107 0.02306 1.6000
A. 80 0.02605 0.02886 1.6000
A. 60 0.0321A 0.03601 1.6000
A.AO 0.03955 0.03857 1.6500
A.20 0.0A85A 0.0A82A 1.6500
A.00 0.059A0 0.06012 1.6500
3. BO 0.072A6 0.07A61 1.6500
3.60 0.08813 0.C9219 1.6500
3.AO 0.10681 0.10198 1.7000
3.20 0.12899 0.12589 1.7000
3.00 0.15518 0.15A5A 1.7000
2.BO 0.18592 0.18856 1.7000
2.60 0.22178 0.22526 1.7000
2.AO 0.26330 0.26805 1.7100
2.20 0.31098 0.30662 1.7700
2.00 0.36521 0.36655 1.7600
E F F E C T  IVE O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T











5 . 8 0
5 . 6 0  
5 .  AO
5 . 2 0
5 . 0 0  
A . 80 
A. 60 
A.AO 
A . 20 
A . 00
3 . 8 0
3 . 6 0  
3 . AO
3 . 2 0
3 . 0 0
2 . 8 0
2 . 6 0  













0 . 0 1 3 6 1  
0 . 0 1 7 2 9  
0 . 0 2 1 8 7  
0 . 0 2 7 5 5  
0 . 0 3 A5 6  
0.0A31A 
0 . 0 5 3 5 9  
0 . 0 6 6 2 3  
0 . 0 8 1 3 8  
0 . 0 9 9 A2  
0 .  12070  
0 .  IA553  
0 . 17A21 
0 . 2 0 6 9 2  
0 . 2 A 3 6 7  
0 . 2 8 A 32 
0 . 3 2 8 A1  
0 . 3 7 5 2 0  
0 . A2 3 6 1  
0 . A7 228  
0 . 5 1 9 7 A
FUNCTION
ZED
1 2 . 0 5 8 7
17 . 6 5 0 1  
A . 9261  
6 . 9 8 3 3
2 . 0 0 9 1
3.  3 A16
EPF EC TIVE 
OVERLAP
0 . 0 0 8 7 5  
0 . 0 1 3 6 5  
0 . 0 2 0 8 0  
0 . 0 2 5 2 5  
0 . 0 3 0 6 0  
O.OAA56 
0 . 0 5 3 2 8  
0 . 0 6 3 5 6  
0 . 0 7 6 8 6  
0 . 1 0 2 5 3  
0 . 120A5 
0 . 1A111 
0 .  17079  
0 . 2 0 2 7 2  
0 . 2 3 8 9 A 
0 . 2 7 9 6 3  
0 . 3 2 A8 3  
0 . 3 7 1 7 5  
0 . A2 0 0 8
0 . A 7 2 3 2
0 . 52 29R
COEFF ICIENT
C. 10635  
C. 01811  
—C.3A780  
- C .  IA259 
C. 69985  
0 . ASA 75
EFFECTIVE
ZED
1 . 5 0 0 0
1 . 3 1 5 0
1 . 2 6 5 0
1 . 2 6 5 0  
1 . 2 6 5 0
1 . 2 1 5 0
1 . 2 1 5 0
1 . 2 1 5 0
1 . 2 1 5 0  
1.1600
1 . 1 7 0 0
1 . 1 7 0 0
1 . 1 7 0 0
I .  1550
1. IA 50 
1 . 1 3 5 0
1 . 1 2 5 0  
1 . 1 1 5 0  
1 . 1 1 0 0  
1 . 1 1 0 0  
1 . 1 1 0 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
Cl 3S C L E P E N T I  N* 2 LA* 0 M>
REFERENCE FUNCTION 













1 2 . 0 5 8 7
17 . 650 1  
A. 9261  
fc.9833
2 . 0 0 9 1  
3 . 3A16
C. 10635  
C. 01811  
•C.3A780 
•C. 1A259 











5 . 8 0
5 . 6 0  
5 . AO
5 . 2 0
5 . 0 0  
A . 80 




3 . 8 0
3 . 6 0  
3.  AO
3 . 2 0
3 . 0 0
2 . 8 0




0 . 0 1 3 6 1  
0 . 0 1 7 2 9  
0 . 0 2 1 8 7  
0 . 0 2 7 5 5  
0 . 0 3 A5 6  
C.0A31A 
0 . 0 5 3 5 9  
0 . 0 6 6 2 3  
0 . 0 0 1 3 8  
0 . 099 A2  
0 .  12070  
0 . 1A553 
0 . 17A21  
0 . 2 0 6 9 2  
0 . 2 A3 6 7  
0 . 2 8 A3 2  
0 . 3 2 8 A1  
0 . 3 7 5 2 0  
0 . A2361  
0 . A7 2 2 8  
0 . 5 1 9 7 A
0 * 01 5 A 6 
0 . 0 1 9 3 5  
0 .0 2 A 15 
0 . 0  3 00A 
0 . 0 3 7 2 2  
0 . 0 A5 9 5  
0 . 0 5 6 5 0  
0 . 0 6 9 1 7  
0 • 0 8  A 3 1 
0 . 1 0 2 2 6  
0 . 123A1 
0 .  1A813 
0 . 1 7 6 7 8  
0 . 2 0 9 6 8  
0 . 2A710  
0 . 2 8 9 1 9  
0 . 3 3 1 9 3  
0 . 3 7 9 1 2  
0 • A 187 3 
0 . A7A5A 
0 . 5 1 9 5 0
. 7000  
. 7000  
. 7000  
. 7000  
. 7 0 0 0  
. 7000  
. 7 0 0 0  
. 7 0 0 0  
. 7000 
. 7000  
. 7000  
. 7 0 0 0  
. 7000  
. 7 0 0 0  
. 7000  
. 7 0 0 0  
. 7000  
. 7100  
. 77C0 
. 7 6 0 0  
. 8 2 0 0
E F F E C T I V E  O V E R L A P  N O T  l« ITH IN C O N F I D E N C E  L I M I T
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CL 3P CLEMENT I N« 2 LA =
REFERENCE FUNCTION
TERM N ZED COEFFIC I E!
1 2 5.357A -0.23282
2 2 9.5670 -C.067A3
3 3 1.6092 C. 67838
A 3 2.8587 0.A3171
5 0 -0.0000 -0.00000
6 0 -C.0000 -0.00000
CISTANCE S.C.F. EFFECT IVE EFFECTI
( A • LI ■ ) OVERLAP OVERLAP ZED
6.00 0.08871 0.08712 1.AOOO
5.80 0.10279 0. 10083 1.AOOO
5.60 0.118A8 0. 11613 l.AOOO
5.AO 0.13580 0. 13303 1.AOOO
5.20 0.15A70 0.15150 l.AOOO
5.00 0.17509 0. 171A3 l.AOOO
A.80 0.1967A 0.1926A l.AOCO
A.60 0.21933 0.21A 79 l.AOOO
A.AO 0.2A238 0.237A3 l.AOOO
A. 20 0.2652A 0.26159 l.AOOO
A.00 n.28703 0.28290 1.3950
3.80 0.30667 0.30211 1.3950
3.60 0.32276 0.31788 1.3950
3. AO 0.33366 0.33202 1.3A50
3.20 0.337A0 0.332A9 1.3A50
3.00 0.3317A 0.33080 I.A300
2.80 0.31A23 0.3189A 1.A300
2.60 0.28233 0.28632 1.A300
2.AO 0.23362 0.236A 3 1.A050
2.20 0.16615 0.1688A 1.3900
2.00 0.07892 0.08128 1.3800
M*
E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  L I M I T
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CL 3P C L E M E N T ! Ns 2 LA» 1
R E F E R E N C E F U N C T I O N
T E R M N Z E D COEFFICIE
I 2 5 . 357A - C . 23282
2 2 9 . 5 6 7 0 - C. 0 67A3
3 3 1 . 6 0 9 2 0 . 6 7 8 3 8
A 3 2 . 8 5 8 7 C.A3171
5 0 - 0 . 0 0 0 0 - c . c o o o o
6 0 - 0 . 0 0 0 0 - C . 00000
CISTANCE S . C . F . EFFECTIVE FFFECTI
( A .11. ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 1 7 3 6 0 . 0 1 3 9 7 1. A500
5 . 8 0 0 . 0 2 1 2 5 0 . 0 1 7 2 2 1. A500
5 . 6 0 0 . C2 5 9 6 0 . 0 2 1 1 8 1 . A500
5.  AO 0 . 0 3 1 6 2 0 . 0 3 1 3 7 l.AOOO
5 . 2 0 0 . 0 3 8 A2 0 . 0 3 8 0 A l.AOOO
5 . CO O.OA655 0 . 0A602 l.AOOO
A . 80 0 . 0 5 6 2 3 0 . 0 5 5 5 2 l.AOOO
A. 60 0 . 0 6 7 7 2 0 . 0 6 6 7 9 l.AOOO
A.AO 0 . 0 8 1 2 9 0 . 0 8 0 1 0 l.AOOO
A . 20 0 . 0 9 7 2 5 0 . 0 9 5 7 6 l.AOOO
A . 00 0 . 1 1 5 9 2 0 . 1 1 A0 9 l.AOOO
3 . 8 0 0 .  13766 0 . 1 3 5 A3 l.AOOO
3 . 6 0 0 . 1 6 2 8 1 0 . 1 6 0 1 3 l.AOOO
3 . AO 0 . 1 9 1 7 2 0 .  18856 l.AOOO
3 . 2 0 0 . 22A72 0 . 2 2 1 0 3 l.AOOO
3 . 0 0 0 . 2 6 2 0 7 0 . 2 5 7 8 5 l.AOOO
2 . 8 0 0 . 3 0 3 9 3 0 . 2 9 9 2 5 l.AOCO
2. 6C 0 . 3 5 0 3 6 0 . 3A761 l.AOOO
2 . AO 0. A011 8 0 . 398A3 1 . 3 9  50
2 . 2 0 0 . A559 7 0 . A5 3 6 9 1 . 3 9 5 0
2 . 0 0 0 . 5 1 3 9 8 0 . 5 1 2 9 6 1 . 3 9 5 0
M« 1
• E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
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E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  LIM I T
CL  3P C L E M E N T I  N* 3 L A * 1
REFERENCE FUNCTION 
TERM N ZED COEFFICIENT
1 2 5.3574 -C.23282
2 2 9.5670 -0.06743
3 3 1.6092 0.67838
4 3 2.8587 C.43171
5 0 -0.0000 -C.00000
6 0 -0.0000 -C.00000
CISTANCE S.C.F. EFFECTIVE EFFECT 1
(A.U. ) OVERLAP OVERLAP ZED
6.00 0.01736 0.01880 1.7500
5.80 0.02125 0.02335 1.7500
5.60 0.02596 0.02889 1.7500
5.40 0.03162 0.03562 1.7500
5.20 0.03842 0.03757 1.8000
5.00 0.04655 0.04638 1.8000
4.BO 0.05623 0.05701 1.8000
4.60 0.06772 0.06975 1.8000
4.40 0.08129 0.08495 1 •8000
4.20 0.09725 0.09418 1.8500
4.00 0.11592 0. 11429 1.8400
3.80 0. 13766 0.13792 1.8400
3.60 0. 16281 0.16545 1.84 CO
3.40 0.19172 0.19410 1.8400
3.20 0.22472 0.22854 1.8500
3.00 0.26207 0.26585 1.8550
2.80 0.30393 0.30781 1.8650
2.60 0.35036 0.35454 1.8750
2.40 0.40118 0.40597 1.8850
2.20 0.45597 0.45124 1.9450
2.00 0.51398 0.51485 1.9350
E F F E C T I V E  O V E R L A P  NOT I* I THIN C O N F I C E N C E  L I M I T
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F E 4 3 D 6  AS2)  AS RI C H .  N a  2 LA- 0
REFERENCE FUNCTION 
TERM N ZED COEFFICIENT
1 1 2 5 . 3 8 0 0 - 0 . 0 2 1 1 0
2 2 9 . 7 5 0 0 C . 07200
3 3 A.A800 - 0 . 179A0
A A l.AOOO 1 . 0 1 3 3 0
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - 0 . 0 0 0 0 - c . o o o o o
Cl STANCE S . C . F . EFFECTIVE EFFECTIV
( A.U.  ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 2 8 2 0 8 0. 0AC62 0 . 0 0 0 0 *
5 . 8 0 0 . 3 0 5 6 2 0 . 30A08 0 . 8 5 0 0
5 . 6 0 0 . 3 2 9 9 A 0 . 3279A 0 . 8 6 0 0
5 .  AO 0 . 35A91 0 . 3 5 2 9 6 0 . 8 6 0 0
5 . 2 0 0 . 3 8 0 AO 0 . 3 7 9 1 2 0 . 8 6 0 0
5 . 0 0 0 . A0628 0 . A0 6 3 7 0 . 8 6 0 0
A . 80 O. A3239 0 . A3A63 0 . 8 6 0 0
A. 60 0 . A5 8 6 0 0 • A 59 86 0 . 8 6 0 0
A. AO 0.A8A80 0 . A8 6 0 7 0 . 8 6 5 0
A . 20 0 . 5 1 0 8 8 0 . 5 1 3 2 2 0 . 8 7 0 0
A . 00 0 . 5 3 6 7 8 0 . 5A1 21 0 . 8 7 5 0
3 . 8 0 0 . 56 2A5 0 . 566A7 0 . 8 8 0 0
3 . 6 0 0 . 5 8 7 8 9 0 . 5 9 2 6 9 0 . 8 9 0 0
3 . AO 0 . 6 1 3 1 5 0 . 6 1 6 6 A 0 . 9 0 0 0
3 . 2 0 0 . 6 3 8 3 1 0 . 6 A1 7 3 0 . 9 1 5 0
3 . 0 0 0 . 6 6 3 5 0 0 . 6 6 7 8 8 0 . 9 3 0 0
2 . 8 0 0 . 6 8 8 8 7 0 . 6 8 A6 7 0 . 9 9 5 0
2 . 6 0 0 • 7 1 A 57 0 . 7 1 5 7 3 0 . 9 8 0 0
2 . AO 0 . 7A077 0 . 7AA78 0 . 9 9 0 0
2 . 2 0 0 . 7 6 7 5 6 0 . 76A63 1 . 0 5 5 0
2 . 0 0 0 . 79A99 0 . 7 9 6 8 9 1 . 0A50
M* 0
• E F F E C T I V E  C V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
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F E 1 3 C 6  4S2) 4S R I C H .  N* 3 L A *  0 M* 0
REFERENCE FUNCTION 
TERM N ZED COEFFICIENT
1 1 2 5 . 38 0C - C . 021 1 0
2 2 9 . 7 5 0 0 0 . 0 7 2 0 0
3 3 4 . 4 8 0 0 - C .  17940
4 4 1 . 4 0 0 0 1 . 0 1 3 3 0
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - C . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECT IVE EFFECT I
( A . U . ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 2 8 2 0 8 0 . 2 7 7 5 8 1 . 1 5 0 0
5 . 8 0 0 . 3 0 5 6 2 0 . 3 0 1 6 4 1 . 1 4 5 0
5 . 6 0 0 . 3 2 9 9 4 0 . 3 2 6 9 0 1 . 1 4 5 0
5 . 4 0 0 . 3 5 4 9 1 0 . 3 5 3 2 9 1.  1450
5 . 2 0 0 . 3 8 0 4 0 0 . 3 8 0 7 3 1 . 1 4 5 0
5 . 0 0 0 . 4 0 6 2 8 0 . 4 0 9 1 4 1 . 1 4 5 0
4 . 8 0 0 . 4 3 2 3 9 0 . 4 3 2 2 0 1 . 1 4 5 0
4 . 6 0 0 . 4 5 8 6 0 0 . 4 6 2 3 0 1.  1550
4 . 4 0 0 . 4 8 4 8 0 0 . 4 8 7 1 4 1 . 1 5 5 0
4 . 2 0 0 . 5 1 0 8 8 0 . 5 1 5 6 9 1 . 1 6 5 0
4 . 0 0 0 . 5 3 6 7 8 0 . 5 3 9 3 6 1 . 1 7 0 0
3 . 8 0 0 . 5 6 2 4 5 0 . 5 6 6 5 9 1 . 1 8 5 0
3 . 6 0 0 . 5 8 7 8 9 0 . 5 9 1 9 6 1.  195C
3 . 4 0 0 . 6 1 3 1 5 0 • 6 0 0 8 3 1 . 2 6 0 0
3 . 2 0 0 . 6 3 8 3 1 0 . 6 4 2 8 3 1 . 2 4 5 0
3 . 0 0 0 . 6 6 3 5 0 0 . 6 6 8 4 1 1 . 2 4 5 0
2 . 8 0 0 . 6 8 8 8 7 0 . 6 8 7 3 1 1 . 3 1 5 0
2 . 6 0 0 . 7 1 4 5 7 0 . 7 1 8 3 5 1 . 3 0 5 0
2 . 4 0 0 . 7 4 0 7 7 0 . 7 3 6 9 0 1 . 3 6 5 0
2 . 2 0 0 . 7 6 7 5 6 0 . 7 7 1 4 7 1 . 3 6 5 0
2 . 0 0 0 . 7 9 4 9 9 0 . 7 9 2 7 1 1 . 4 1 5 0
• E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  L I M I T




N* <i L A *  0 M>
C O E F F I C I E N T
1 I 2 5 . 3 8 0 0 - C . 0 2 1 1 0
2 2 9 . 7 5 0 0 0 . 0 7 2 0 0
3 3 4 . 4 8 0 0 - 0 . 1 7 9 4 0
4 4 1 . 4 0 0 0 1 . 0 1 3 3 0
5 0 - 0 . 0 0 0 0 - o . c c o o o
6 0 - 0 . 0 0 0 0 - C . 0 0 0 0 0
DISTANCE S . C . F . EFFECTIVE EFFECTI
( A.U.  ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 2 8 2 0 8 0 . 2 6 4 2 8 1 . 4 0 0 0
5 . 8 0 0 . 3 0 5 6 2 0 . 3 0 8 9 4 1 . 4 0 0 0
5 . 6 0 0 . 3 2 9 9 4 0 . 3 3 4 6 3 1 . 4 0 0 0
5 . 4 0 0 . 3 5 4 9 1 0 . 3 5 8 6 3 1 . 4 0 0 0
5 . 2 0 0 . 3 6 0 4 0 0 . 3 8 3 5 0 1 . 4 0 5 0
5 . 0 0 0 . 4 0 6 2 8 0 . 4 0 9 1 7 1 . 4 1 0 0
4 . 8 0 0 . 4 3 2 3 9 0 . 4 3 5 5 6 1 . 4 1 5 0
4 . 6 0 0 . 4 5 8 6 0 0 . 4 6 2 5 7 1 . 4 2 0 0
4 . 4 0 0 . 4 8 4 8 0 0 . 4 8 7 8 0 1 . 4 2 5 0
4 . 2 0 r . 5 1 0 8 8 0 . 5 1 5 8 7 1 . 4 3 5 0
4 . 0 0 ' ' . 5 3 6 7 8 0 . 5 4 0 0 4 1 . 4 4 0 0
3 . 8 0 0 . 5 6 2 4 5 0 . 5 6 6 9 0 1 . 4 5 5 0
3 . 6 0 0 . 5 8 7 8 9 0 . 5 8 4 6 3 1 . 5 1 5 0
3 . 4 0 0 . 6 1 3 1 5 0 . 6 1 6 3 8 1 . 5 0 0 0
3 . 2 0 0 . 6 3 8 3 1 0 . 6 4 2 9 0 1 . 5 0 0 0
3 . 0 0 0 . 6 6 3 5 0 0 . 6 5 8 9 1 1 . 5 6 5 0
2 . 8 0 0 . 6 8 8 8 7 0 . 6 9 1 4 1 1 . 5 6 5 0
2 . 6 0 0 . 7 1 4 5 7 0 . 7 1 0 2 2 1 . 6 1 5 0
2 . 4 0 0 . 7 4 0 7 7 0 . 7 4 3 0 2 1 . 6 1 5 0
2 . 2 0 0 . 7 6 7 5 6 0 . 7 6 4 3 2 1 . 6 6 5 0
2 . 0 0 0 . 7 9 4 9 9 0 . 7 9 6 9 9 1 . 6 6 5 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T









I A • U • )
6.00
5 . 8 0
5 . 6 0  
5 . AO
5 . 2 0
5 . 0 0  
A . 80 
A . 60 
A. AO 
A . 20 
A . 00
3 . 8 0
3 . 6 0  
3 . AO
3 . 2 0
3 . 0 0
2 . 8 0












S . C . F .
OVERLAP
0. 13 0A8  
0 . 0 9 2 1 1  
0 . 0 5 1 6 1  
0 . 0 0 9 1 A  
- 0 . 0 3 5 1 A  
- 0 . 0 8 1 0 3  
- 0 .  1283A 
- 0 . 1 7 6 8 3  
- 0 . 2 2 6 2 6  
- 0 . 2 7 6 3 8  
- 0 . 3 2 6 9 2  
- 0 . 3 7 7 6 1  
- O. A281 5  
- 0 . A7827 
- 0 . 5 2 7 6 6  
- 0 . 5 7 6 0 A  
- 0 . 6 2 3 1 2  
- 0 . 6 6 8 6 1  
- 0 . 7 1 2 2 2  
- 0 . 7 5 3 6 8  
- 0 . 7 9 2 7 3
1C.6000  
A . 1700 
0 . 8 0 0 0  
-O.OOCO 
- C . 0 0 0 0  
- 0 . 0 0 0 0
EFFECTIVE
OVERLAP
0 .  13A93 
0 .  1722A 
0 . 0 5 A7 3  
0 . 0 7 6 5 8  
0 . 3 3 2 5 2  
- 0 . 0 7 6 5 0  
- 0 . 1A972 
- 0 . 1 8 0 9 A  
- 0 . 2 2 A 5 8  
- 0 . 2 8 0 0 3  
- 0 . 3 2 5 7 3  
- 0 . 3 8 2 1A 
- 0 . A 2 8 7 8  
- 0 . A 7 5 6 T  
- 0 . 5 3 0 9 3  
- 0 . 5 7 6 8 6  
- 0 . 6 2 2 1 1  
- 0 . 6 6 6 3 7  
- 0 . 7 0 9 2 9  
- 0 . 7 5 0 5 A  
- 0 . 7 8 9 7 6
C. 01118  
- C . 03833
1 . 0 0 0 6 7  
- 0.00000 
- 0.00000 
- C . 00000
EFFECTIVE
ZED
1 . 2 5 0 0  
0 .0 0 0 0 * 
1•65 CO 
0 .0 0 0 0 * 
0.0000* 
0 . A500  
0 . A650*  
0 . A650 
0 . A550 
0 . A550  
0 . A500  
0 . A500 
0 . AA50 
0.AA50  
0.AA50  
0 . A400 
0 . AAOO 
O.AAOO 
0 . AAOO 
O.AAOO 
O.AAOO
E F F E C T  IVE O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
F6 (3 D 7 A  P 1) AP R I C H .  N* 2 LA* I M«
RFFERENCE FUNCTION 
TERF N ZED COEFFICIENT
I 2 1 0 . 6 0 0 0 0 . 0 1 1 1 8
2 3 A . 1700 - 0 . 0 3 8 3 3
3 A c . e c o o 1 . 0 0 0 6 7
A 0 - 0 . 0 0 0 0 - C . 00000
5 0 - 0 . 0 0 0 0 - C . 00000
6 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECTIVE EFFECT IVI
( A . U . ) OVERLAP OVFRLAP ZED
6 . 0 0 0 . 5 2 8 A2 0 .  I5A5A 0. C000»
5 . 8 0 0 . 5 5 0 A9 0 . 5 5 2 9 9 0 . A500
5 . 6 0 0 . 5 7 2 7 2 0 . 573AA 0 . A500
5 . AO 0 . 5 9 5 0 6 0 . 5 9 A12 0.A5C0
5 . 2 0 0 . 6 1 7A6 0 . 6 1 5 0 0 0 . A5C0
5 . 0 0 0 . 6398A 0 . 6 3 6 0 2 0 . A500
A . 80 0 . 6 6 2 1 A 0 . 6 6 2 7 7 0 . A500
A . 60 0 • 6 8  A 30 0 . 6 8 3 6 9 O.AA50
A.AO 0 . 7062A 0 . 7 0 A5 6 0 . AA50
A. 20 0 . 7 2 7 9 1 0 . 725 3A 0 . AA50
A. 00 0 . 7 A9 2 2 0 . 7A59A 0 . AA50
3 . 8 0 0 . 7 7 0 1 1 0 . 7 6 6 3 1 0.AA50
3 . 6 0 0 . 7 9 0 5 2 0 . 7 8 6 3 6 0.AA5 0
3 . AO 0 . 8 1 0 3 5 0 . 8 0 6 0 1 0.AA50
3 . 2 0 0 . 8 2 9 5 6 0 . 8 2 5 1 9 0 . AA50
3 . 0 0 0 . 8 A 8 0 7 0 • 8A 38 2 O.AA5 0
2 . 8 0 0 . 8 6 5 8 1 0 . 8 6 1 8 0 0 . AA50
2 . 6 0 0 . 8 8 2 7 2 0 . 8 7 9 0 5 0 . AA50
2.  AO 0 . 8 9 8 7 3 0 . 8 9 5 A8 0 . AA50
2 . 2 0 0 . 9 1 3 7 8 0 . 9 1 1 0 1 0.AA50
2 . 0 0 0 . 9 2 7 8 2 0 . 9 2 5 5 5 0.AA50
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
Ft 1 3 D 7 4 P 1 ) 4P R I C H .  N* 3 L A *  1 M»
REFERENCE FUNCTION 
TERN N ZEO COEFFICIENT
I 2 1 0 . 6 0 0 0 0 . 0 1 1 1 6
2 3 4 . 1 7 0 0 - 0 . 0 3 8 3 3
3 4 C.8C00 1 . 0 0 0 6 7
4 0 - 0 . 0 0 0 0 - C . 00000
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECT IVE EFFECTIV
(A. U.  ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 1 3 0 4 8 0 . 3 5 1 1 6 0 . 0 0 0 0 *
5 . 8 0 0 . 0 9 2 1 1 0 . 0 9 4 3 5 0 . 6 5 0 0
5 . 6 0 0 . 0 5 1 6 1 0 . 0 4 8 2 3 0 . 6 4 0 0
5 . 4 0 0 . 0 0 9 1 4 0 . 0 0 8 3 2 0 . 6 3 5 0
5 . 2 0 - 0 . 0 3 5 1 4 - 0 . 0 3 3 5 7 0 . 6 3 5 0
5 . 0 0 - 0 . 0 8 1 0 3 - 0 . 0 7 7 3 0 0 . 6 3 5 0
4 . 8 0 - 0 . 1 2 8 3 4 - 0 . 1 3 1 4 5 0 . 6 3 5 0
4 . 6 0 - 0 . 1 7 6 8 3 - 0 .  17821 0 . 6 3 0 0
4 . 4 0 - 0 . 2 2 6 2 6 - 0 . 2 2 6 1 7 0 . 6 3 0 0
4 . 2 0 - 0 . 2 7 6 3 8 - 0 . 2 7 5 0 9 0 . 6 3 0 0
4 . 0 0 - 0 . 3 2 6 9 2 - 0 . 3 2 4 7 1 0 . 6 3 0 0
3 . 8 0 - 0 . 3 7 7 6 1 - 0 . 3 7 4 7 7 0 . 6 3 0 0
3 . 6 0 - 0 . 4 2 8 1 5 - 0 . 4 2 4 9 6 0 . 6 3 0 0
3 . 4 0 - 0 . 4 7 8 2 7 - 0 . 4 7 4 9 9 0 . 6 3 0 0
3 . 2 0 - 0 . 5 2 7 6 6 - 0 . 5 2 4 5 3 C . 6300
3 . 0 0 - 0 . 5 7 6 0 4 - 0 . 5 7 3 2 7 0 . 6 3 0 0
2 . 8 0 - 0 . 6 2 3 1 2 - 0 . 6 2 0 8 6 0 . 6 3 0 0
2 . 6 0 - 0 . 6 6 8 6 1 - 0 . 6 6 6 9 9 0 . 6 3 0 0
2 . 4 0 - 0 . 7 1 2 2 2 - 0 . 7 1 1 3 2 0 . 6 3 0 0
2 . 2  0 - 0 . 7 5 3 6 8 - 0 . 7 5 3 5 2 0 . 6 3 0 0
2 . 0 0 - 0 . 7 9 2 7 3 - 0 . 7 9 3 2 8 0 . 6 3 0 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T




1 2 1 0 . 6 0 0 0 0 . 0 1 1 1 8
2 3 A . 1700 - 0 . 0 3 8 3 3
3 A 0 . 8 0 0 0 1 . 0 0 0 6 7
A 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
5 0 - C . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - C . 0 0 0 0 -O.CCOOO
DISTANCE S . C . F . EFFECTIVE EFFECTI
( A . U . ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 5 2 8 A2 0 . 5 2 5 0 0 0 . 6 5 0 0
5 . 6 0 0 . 550A9 0 . 5 A6 6 9 0 . 6 3 5 0
5 . 6 0 0 . 5 7 2 7 2 0 . 5 6 8 6 2 0 . 6 3 5 0
5 . AO 0 . 5 9 5 0 6 0 . 5 9 0 7 3 0 . 6 3 5 0
5 . 2 0 0 . 6 I 7 A 6 0 . 6 1 2 9 7 0 . 6 3 5 0
5 . 0 0 0 . 6 39 6 A 0 . 6 3 5 2 8 0 . 6 3 5 0
A . 60 0 . 6 6 2  1A 0 . 6 5 7 5 9 0 . 6 3 5 0
A . 60 0 . 6 8 A3 0 0 . 6 7 9 8 3 0 . 6 3 5 0
A. AO 0 . 7 0 6 2 A 0 . 70I9A 0 . 6 3 5 0
A . 20 C . 72791 0 . 7 2 3 8 3 0 . 6 3 5 0
A . 00 0 . 7A92 2 0.7A5A3 0 . 6 3 5 0
3 . 8 0 0 . 7 7 0 1 1 0 . 7 6 6 6 6 0 . 6 3 5 0
3 . 60 0 . 7 9 0 5 2 0 . 7 8 7 A5 0 . 6 3 5 0
3.  AO 0 . 8 1 0 3 5 0 . 8 0 7 7 1 0 . 6 3 5 0
3 . 2 0 0 . 8 2 9 5 6 0 . 8 2 7 3 6 0 . 6 3 5 0
3 . 0 0 O.8A807 0. BA632 0 . 6 3 5 0
2 . 8 0 0 . 8 6 5 8 1 0 . 8 6 A5 1 0 . 6 3 5 0
2 . 6 0 0 . 8 8 2 7 2 0 . 86 18A 0 . 6 3 5 0
2 . AO 0 . 8 9 8 7 3 0 . 8 9 8 2 6 0 . 6 3 5 0
2 . 2 0 0 . 9 1 3 7 8 0 . 9 1 3 6 7 0 . 6 3 5 0
2 . 0 0 0 . 9 2 7 8 2 0 . 9 2 8 0 0 0 . 6 3 5 0
E F F E C T I V E  O V E R L A P  NOT k I T H I N  C O N F I D E N C E  L I M I T











5 . 6 0
5 . 6 0  
5 .  AO
5 . 2 0
5 . 0 0  
A . 80 
A . 60 
A. AO 
A . 20 
A . 00
3 . 8 0
3 . 6 0  
3.  AO
3 . 2 0
3 . 0 0
2 . 8 0












S . C . F .
OVERLAP
0 . 130A8  
0 . 0 9 2 1 1  
0 . 0 5 1 6 1  
0 . 0 0 9  1A 
- 0 . 0 3 5 1 A  
- 0 . 0 8 1 0 3  
- 0 . 1283A 
- 0 . 1 7 6 8 3  
- 0 . 2 2 6 2 6  
- 0 . 2 7 6 3 8  
- 0 . 3 2 6 9 2  
- 0 . 3 7 7 6 1  
- 0 . A 2 8 1 5  
- 0 . A 7 8 2 7  
- 0 . 5 2 7 6 6  
- O. 5 760 A  
- 0 . 6 2 3 1 2  
- 0 . 6 6 8 6 1  
- 0 . 7 1 2 2 2  
- 0 . 7 5 3 6 8  
0 . 7 9 2 7 3
FUNCTION
ZED
i C . 6 0 0 0  
A . 1700  
0 . 8 0 0 0  
- 0 . 0 0 0 0  
- C . 0 0 0 0  
- 0 . 0 0 0 0
EFFECTIVE
OVERLAP
0 .  132A3 
0 . 09 A09  
0 . 0 5 3 6 0  
0 . 0 1 1 1 0  
- 0 . 0 3 3 2 3  
- 0 . 0 7 9 2 1  
- 0 . 1 2 6 6 5  
- 0 . 1 7 5 3 0  
- 0 . 22A9A  
- 0 . 2 7 5 3 1  
- 0 . 3261A 
- 0 . 3 7 7 1 6  
- O. A2807  
- 0 . A 7 8 5 8  
- 0 . 5 2 8 3 9  
- 0 . 5 7 7 2 1  
- 0 . 6 2 A 7 3  
- 0 . 6 7 0 6 5  
- 0 . 7 1 A 6 7  
- 0 . 7 5 6 A 9  
- 0 . 7 9 5 8 A
COEFFICIENT
0 . 0 1 1 1 8  
- C . 0 38 33
1 . 0 0 0 6 7  
- 0.00000 
-O.OOOCO 
-C . 0 0 0 0 0
EFFECTIVF 
ZED
0 . 8 0 0 0  
0 . 80C0 
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 80C0 
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 .  8000  
0 . 8 0 0 0  
0 . 8 0 0 0
E F F E C T I V E  O V E R L A P  N OT  W I T H I N  C O N F I D E N C E  L I M I T









( A . U . )
6 . CO
5 . 8 0
5 . 6 0
5 . 4 0
5 . 2 0
5 . 0 0  
4 . BO
4 . 6 0
4 . 4 0
4 . 2 0
4 . 0 0
3 . 8 0
3 . 6 0
3 . 4 0
3 . 2 0
3 . 0 0
2 . 8 0
2 . 6 0





2 1 0 . 6 0 0 0 C. 01118
3 4 . 1 7 0 0 - 0 . 0 3 8 3 3
4 0 . 8 0 0 0 1 . C0067
0 - 0 . 0 0 0 0 - C . 00000
0 - 0 . 0 0 0 0 - C . 00000
0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
S . C . F .  EFFECTIVE EFFECTIVE
OVERLAP OVERLAP ZED
0 . 5 2 8 4 2  
0 . 5 5 0 4 9  
0 . 5 7 2 7 2  
0 . 5 9 5 0 6  
0 . 6 1 7 4 6  
0 . 6 3 S 8 4  
0 . 6 6 2 1 4  
0 . 6 8 4 3 0  
0 . 7 0 6 2 4  
0 . 7 2 7 9 1  
0 . 7 4 9 2 2  
0 . 7 7 0 1 1  
0 . 7 9 0 5 2  
0 . 8 1 0 3 5  
0 . 8 2 9 5 6  
0 . 8 4 8 0 7  
0 . 8 6 5 8 1  
0 . 8 8 2 7 2  
0 . 8 9 8 7 3  
0 . 9 1 3 7 8  
0 . 9 2 7 8 2
0 . 5 2 8 9 8  
0 . 5 5 1 1 3  
0 . 5 7 3 4 6  
0 . 5 9 5 9 0  
0 . 6 1 8 4 0  
0 . 6 4 0 9 0  
0 . 6 6 3 3 2  
0 . 6 8 5 6 0  
0 . 7 0 7 6 7  
0 . 7 2 9 4 6  
0 . 7 5 0 8 9  
0 . 7 7 1 9 1  
0 . 7 9 2 4 2  
0 . 8 1 2 3 7  
0 . 8 3 1 6 7  
0 . 8 5 0 2 5  
0 . 8 6 8 0 5  
0 . 8 8 4 9 9  
0 . 9 0 1 0 0  
0 . 9 1 6 0 2  
0 . 9 2 9 9 9
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0  
0 . 8 0 0 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
F.F +1 3D 17 ) AS ( 0 ) R I C H A R D S O N
REFERENCE FUNCTION 
TERR N ZED
N- 3 LA = 2
C O E F F I C I E N T
1 3 5 . 3 5 0 0 C . 55050
2 3 2 . 0 0 0 0 0 . 6 2 6 0 0
3 0 - C . 0 0 0 0 -O.OCOOO
A 0 - 0 . 0 0 0 0 - C . 00000
5 0 - 0 . 0 0 0 0 - C . 00000
6 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECTIVE EFFECT I
( A . U . ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 1 8 5 7 0 . 0 1 5 5 9 2 . 3 5 0 0
5 . 8 0 0 . 0 2 2 3 6 0 . 0 2 0 1 1 2 . 3 5 0 0
5 . 6 0 0 . 0 2 6 7 1 0 . 02 57A 2 . 3 5 0 0
5 . AO 0 . 0 3 1 6 3 0 . 0 3 2 6 3 2 . 3 5 0 0
5 . 2 0 0 . 0 3 7 0 9 0 . 0A09 6 2 . 3 5 0 0
5 . 0 0 0. 0A3C5 0 . 0 A7 5 2 2.  3 500
A. 80 O.OA9AO 0 . 0 5 2 8 3 2 . A300
A . 60 0 . 0 5 5 9 8 0 . 0 5 9 0 7 2 . A8 00
A.AO 0 . 0 6 2 5 7 0 . 0 6 6 3 2 2 . 5 3 0 0
A. 20 0 . 0 6 8 8 8 0 . 0 6 8 6 9 2 . 6 3 0 0
A . 00 0 . 07A53 0 . 0 7 8 1 3 2 . 6 8 0 0
3 . 8 0 0 . 0 7 9 1 1 0 . 0 8 2 8 8 2 . 7 8 0 0
3 . 6 0 0 . 0 8 2 1 5 0 . 0 8 3 3 8 2 . 9 3 0 0
3 . AO 0 . 0 8 3 2 2 0 . 0 8 5 7 A 3 . 0 8 0 0
3 . 2 0 0 . 0 8 1 9 3 0 . 0 8 A9 9 3 . 2 8 0 0
3 . 0 0 0 . 0 7 8 C9 0 . 0 8 2 0 8 3 . 5 3 0 0
2 . 8 0 0 . 0 7 1 8 0 0 . 0 7 3 8 8 3 . 8 8 0 0
2 . 6 0 0 . 0 6 3 6 A 0 . 0 6 6 A3 A . 2800
2.  AO 0. 05A7A 0 . 0 5 7 A6 A . 7800
2 . 2 0 0.0A69A 0. 05IAO 5 . 3 3 0 0
2 . 0 0 O.OA266 0 . 0A623 5 . 9 8 0 0
E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
FE +1 3 0 ( 7 ) 4 5 ( 0 )  RICHARDSON
REFERENCE FUNCTION 
TERR N ZED
N* 3 LA* 2 M-
C O E F F I C I E N T
I 3 5 . 3 5 0 0 C . 55050
2 3 2 . 0 0 0 0 C. 62600
3 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
4 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - 0 . 0 0 0 0 - C . 00000
Cl stance S . C . F . EFFECTIVE EFFECTIV
( A. U.  ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 0 0 8  39 0 . 0 0 3 6 5 2 . 4 5 0 0
5 . 8 0 0 . 0 1 0 7 1 0 . 0 0 6 1 5 2 . 4 0 0 0
5 . 6 0 0 . 0 1 3 6 0 0 . 0 1 0 0 8 2 . 3 5 0 0
5 . 4 0 0 . 0 1 7 1 7 0 . 0 1 3 5 8 2 . 3 5 0 0
5 . 2 0 0 . 0 2 1 5 6 C . 01819 2 . 3 5 0 0
5 . 0 0 0 . 0 2 6 9 2 0 . 0 2 4 1 9 2 . 3 5 0 0
4 . 8 0 0 . 0 3 3 3 8 0 . 0 3 1 9 3 2 . 3 5 0 0
4 . 6 0 0 . 0 4 1 1 1 0 . 0 4 1 8 3 2 . 3 5 0 0
4 . 4 0 0 . 0 5 0 2 4 0 . 0 5 4 3 1 2 . 3 5 0 0
4 . 2 0 0 . 0 6 0 9 1 0 . 0 6 5 3 6 2 . 3 5 0 0
4 . 0 0 0 . 0 7 3 1 9 0 . 0 7 5 5 3 2 . 4 3 0 0
3 . 8 0 0 . 0 8 7 1 0 0 . 0 8 7 8 4 2 . 4 8 0 0
3 . 6 0 0 .  10256 0 .  10267 2 . 5 3 0 0
3 . 4 0 0 . 1 1 9 3 3 0 . 1 2 0 4 4 2 . 5 8 0 0
3 . 2 0 0 . 1 3 7 0 3 0 . 1 4 1 5 7 2 . 6 3 0 0
3 . 0 0 0 .  155C4 0 . 1 5 6 1 8 2 . 7 3 0 0
2 . 8 0 0 . 1 7 2 4 7 0 . 1 7 4 5 0 2 . 8 3 0 0
2 . 6 0 0 .  18815 0 .  18722 2 . 98C0
2 . 4 0 0 . 2 0 0 6 ? 0 . 2 0 4 9 4 3 . 1 3 0 0
2 . 2 0 0 . 2 0 8 1 6 0 . 2 1 0 7 7 3 . 3 8 0 0
2 . 0 0 0 . 2 0 8 7 9 0 . 2 7 1 8 7 0 . 0 0 0 0 *
E F F E C T I V E  C V E R L A P  N OT  U I T H l N  C O N F I D E N C E  L I M I T
82
NI ( 308 A S 2) AS R I C H . N* 2 L A* 0
REFERENCE FUNCTION 
TERM N ZED COEFFICIENT
1 1 2 7 . 3 7 0 0 - 0 . 0 2 0 1 8
2 2 1 0 . 6 0 0 0 0 . 0 6 7 9 2
3 3 A . 9000 - 0 . 1 6 5 7 0
A A 1. 5 0 0 0 1 . 0 1 1 3 0
5 C - 0 . 0 0 0 0 -O.COOOO
6 C - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DI STANCE S . C . F . EFFECTIVE EFFECTIV
( A. U.  ) OVERLAP OVERLAP ZED
6 . 0 0 0.23A5A 0 . 2 3 5 1 6 0 . 9 2 0 0
5 . 8 0 0 . 2 5 7 7 1 0 . 2 5 8 0 7 0 . 92A0
5 . 6 0 C . 28202 0 . 2 8 1 7 2 0 . 9 2 2 0
5.  AO C.3C738 0 . 3 0 6 7 9 0 . 9 2 1 0
5 . 2 0 0 . 3 3 3 6 5 0 . 3 3 3 2 5 0 . 9 2 0 0
5 . CO 0. 36C68 0 . 3 6 0 3 0 0 . 9 1 9 0
A.8C 0 . 3 8 8 3 0 0 . 3 8 8 6 3 0 . 9 1 9 0
A. 60 0 . AI 6 3 5 0 . A 1667 0 . 9 1 9 0
A.AO 0.AAA65 0 . AA511 0 . 9 2 1 0
A . 20 0 • A 73 05 0.A72A6 0 . 93A0
A.CO 0.5C1AI 0 . 5 0 2 3 3 0 . 930C
3 . 8 0 C . 52961 0 . 5 2 9 0 2 0.9AA0
3 . 6 0 0 . 5 5 7 5 9 0 . 5 5 6 8 5 0 . 95A0
3.  AO 0 . 5 8 5 3 1 0 . 5 8 5 7 3 0 . 9 6 AO
3 . 2 0 C. 61281 0 . 6 1 3 7 8 0.97AG
3 . 0 0 0 . 6A0I 5 0 . 6A006 0 . 9 9 7 0
2 . 8 0 0 . 667A6 0 . 6 6 6 1 A 0 . 9 9 5 0
2 . 6 0 0.69A9C 0 . 7 1 0 0 6 0 . 0 0 0 0  *
2.  AC C.7226A 0 . 5 2 2 3 8 C. 0 0 0 0  *
2 . 2  0 0 . 7 5 0 8 3 0 . 7 5 1 1 5 1 . 0 8 0 0
2 . CO 0 . 7 7 9 5 7 0 . 7 8 0 3 3 1 . 0 8 0 0
M* 0
E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  LIM I T








D I S T A N C E  
( A . U . )
6.00
5 . 8 0
5 . 6 0  
5 .  AO
5 . 2 0
5 . 0 0  
A . 80 
A . 60 
A. AO 
A . 20 
A . 00
3 . 8 0  
3 . 60 
3 . AO
3 . 2 0
3 . 0 0
2 . 8 0












S . C . F .
OVERLAP
0. 23A5A  
0 . 2 5 7 7 1  
0 . 2 8 2 C2  
0 . 3 0 7 3 8  
0 . 3 3 3 6 5  
0 . 3 6 0 6 8  
0 . 3 8 8 3 0  
0 • A 16 35 
0.AAA65  
0 . A 7305  
0 . 50 1A1  
0 . 5 2 9 6 1  
0 . 5 5 7 5 9  
0 . 5 8 5 3 1  
0 . 6 1 2 8 1  
0 . 6 A0 1 5  
0 . 6 6 7 A6  
0 . 6 9 A 9 0  
0 . 7 2 2 6 A  
0 . 7 5 0 8 3  
0 . 7 7 9 5 7
FUNCTION
ZED
2 7 . 3 7 0 0
1 0 . 6 0 0 0  
A . 9000
1 . 5 0 0 0  
- C . 0 0 0 0  
- 0 . 0 0 0 0
EFFECTIVE
OVERLAP
0 . 23 9A6  
0 . 2 6 2 6 8  
0 . 2 8 A3 9  
0 . 3 1 0 3 3  
0 . 3 3 7 6 0  
0 . 3 6 3 1 2  
0 . 3 9 2 7 8  
0. A205A  
0.AA931  
0 . A7620  
0 . 50A06 
0 . 5 3 2 8  1 
0 . 5 6 2 3 A  
0 . 5 8 0 8 5  
0 . 6 1 6 6 3  
0. 6AA05  
0 . 6 6A7 7  
0 . 6 9 7 8 1
0 . 7 1 8 2 2
0 . 75A90
0 . 77 80A
COEFFICIENT
- C . 0 2 0 18 
0 . 0 6 7 9 2  
- 0 . 1 6 5 7 0  






1 . 2 1 0 0
1.2100
1 . 2 1 5 0
1 . 2 1 5 0
1 . 2 1 5 0  
1.2200 
1.2200 
1 . 2 2 5 0  
1 . 2 3 0 0  
1.2A00
1 . 2 5 0 0  
1 . 2 6 0 0  
1 . 3 2 0 0
1 . 3 0 5 0
1 . 3 0 5 0  
1 . 3 7 5 0  




E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
NI (308  AS2) AS RICH. N* A LA« i
REFERENCE FUNCTION
TERM N ZED COEFFICIE
1 I 2 7 . 3 7 0 0 - 0 . 0 2 0 1 8
2 2 1 0 . 6 0 0 0 0 . 0 6 7 9 2
3 3 A . 9000 - 0 .  16570
A A I . 5000 1 . 0 1 1 3 0
5 C - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 c -O.OOOC -O.OOOOt
niSTANCF S . C . F . EFFECTIVE EFFECTI
( A. l i .  1 OVERLAP OVERLAP z t o
6.CC 0.23A5A 0 . 2 3 5 2 0 1 . 5 0 0 0
. 5.8C 0 . 2 5 7 7 1 0 . 2 5 8 6 0 1 . 5 0 0 0
5.6C C . 28202 0 . 2 8 2 8 3 1 . 5 0 1 0
5.  AO 0 . 3 0 7 3 8 0 . 3 0 8 3 2 1 . 5 0 3 0
5.2C 0 . 3 3 3 6 5 0 . 33AA8 1 . 5 0 5 0
5.CC 0 . 36C68 0 . 3 5 9 7 9 1 . 5 1 8 0
A » 8C C . 38830 0 . 3 8 8 A9 1 . 5 1 5 0
A. 60 C• A 16 35 0 . A1571 1 . 5 2  70
A.AC 0 . AAA65 0 . AA558 1 .52A0
A.2C 0.A73C5 0 . A7297 1 . 5 3 7 0
A.CC C.501AI 0. 5C1C7 1 . 5 A 7 C
3, eo C . 52961 0 . 5 2 9 7 9 1 . 5570
3. 6C 0 . 5 5 7 5 9 0 . 5 5 8 2 6 1 . 5 6 7 0
3.  AC 0 . 5 8 5 3 1 0 . 58A35 1 . 5 8 9 0
3 . 2 0 C. 61281 0 . 6 1 1 9 0 I . 6090
3.0C C.6A015 0 . 6A101 1 . 6 0 7 0
2 • 6C 0 . 66 7A6 0 . 6 6 6 7 3 1 . 6 5 2 0
2.6C 0 .69A9C 0 . 6 9 5 8 0 1 . 6  500
2.  AC C.7226A 0 . 7 2 2 6 2 1 . 6 9 9 0
2 . 2 0 0 . 7 5 0 8 3 0 . 7 5 0 2 7 1 . 7 2 9 0
2.CC 0 . 7 7 9 5 7 0 . 7 7 8 6 5 1 . 7 5 9 0
8k
* E F F E C T I V E  C V E R L A F  N OT  W I T H I N  C O N F I D E N C E  L I M I T
85
NI 1309 API I AP RICH. N* 3 LA* I
REFERENCE FUNCTION
TERF N ZED COEFFICIEN
1 2 1 1 . 5 0 0 0 0 . 0 1 0 6 6
2 3 A . 6000 - 0 . 0 3 5 A 7
3 A C . 8600 1 . 0 0 0 5 7
A 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
5 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
6 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECTIVE EFFECTIV
( A . U . ) OVERLAP OVERLAP ZED
6 . 0 0 0 . 2 0 8 6 7 0 . 2 1 3 1 0 1.A500
5 . 8 0 0 . 1 7 2 9 2 0 . 2 5 8 A3 0 . 0 0 0 0 *
5 . 6 0 0 . 13AAA 0 . 3 8 5 1 1 0 . 0 0 0 0 *
5 . AO 0 . 0 9 3 3 A 0 . 0 9 8 3 3 0 . 7 0 0 0
5 . 2 0 0 . 0 A 9 7 9 0 . 0 5 0 0 6 0 . 6 9 0 0
5 . 0 0 0 . 0 0 3 9 5 0 . 0 0 7 0 3 0 . 6 8 5 0
A. 80 - 0 . 0 A 3 9 5 -O.OA6A7 0 . 6 8 5 0
A. 60 - 0 . 0 9 3 6 8 - 0 . 0 9 3 9 2 0 . 6 8 0 0
A.AO - 0 . 1 AA 9 8 - 0 .  1A 320 0 . 6 8 0 0
A. 20 - 0 . 1 9 7 5 5 - 0 . 1 9 A 0 7 0 . 6 6 0 0
A. 00 - 0 . 2 5 1 1 0 - 0 . 2 A 6 2 5 0 . 6 8 0 0
3 . 8 0 - 0 . 3 0 5 2 9 - 0 . 3 0 6 9 2 0 . 6 8 0 0
3 . 6 0 - 0 . 3 5 9 7 9 - 0 . 3 6 0 AA 0 . 6 7 5 0
3 .  AO —0 .A1A 25 - 0 . A1A21 0 . 6 7 5 0
3 . 2 0 - 0 . A 6 8 3 1 - 0 . A 6 7 8 6 0 . 6 7 5 0
3 . 0 0 - 0 . 5 2 1 6 1 - 0 . 5 2 1 0 2 0 . 6 7 5 0
2 . 8 0 - 0 . 5 7 3 7 9 - 0 . 5 7 3 2 7 0 . 6 7 5 0
2 . 6 0 - 0 . 6 2 AA8 - 0 . 6 2 A 2 1 0 . 6 7 5 0
2 .  AO - 0 . 6 7 3 3 2 - 0 . 6 7 3 A A 0 . 6 7 5 0
2 . 2 0 - 0 . 7 1 9 9 5 - 0 . 7 2 0 5 5 0 . 6 7 5 0
2 . 0 0 - 0 . 7 6 A0 A —0 . 7 6 5 1 A 0 . 6 7 5 0
M* 0
« E F F E C T I V E  O V E R L A P  N O T  W I T H I N  C O N F I D E N C E  L I P I T
86
NI 1309 4PI) 4P  R I C H .  N *  3 LA- 1
REFERENCE FUNCTION 
TERW N ZED COEFFICIENT
I 2 1 1 . 5 0 0 0 0 . 0 1 0 6 6
2 3 4 . 6 0 0 0 - 0 . 0 3 5 4 7
3 4 0 . 6 6 0 0 1 . 0 0 0 5 7
4 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
5 0 - 0 . 0 0 0 0 - c . c o o o o
6 0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 0
DISTANCE S . C . F . EFFECTIVE EFFECTI
(A. U.  ) OVERLAP OVERLAP ZEO
6 . 0 0 C . 47970 0 . 4 7 4 9 9 0 . 7 0 0 0
5 . 8 0 0 . 5 0 2 8 3 0 . 5 0 2 4 3 0 . 6 8 5 0
5 . 6 0 0 . 5 2 6 2 9 0 . 5 2 5 3 4 0 . 6 8 0 0
5 . 4 0 0 . 5 5 0 0 1 0 . 5 4 8 5 8 0 . 6 8 0 0
5 . 2 0 0 . 5 7 3 9 2 0 . 5 7 2 C9 0 . 6 8 0 0
5 . 0 0 0 . 5 9 7 9 6 0 . 5 9 5 8 0 0 . 6 8 0 0
4 . 8 0 0 . 6 2 2 0 5 0 . 6 1 9 6 4 0 . 6 8 0 0
4 . 6 0 0 . 6 4 6 1 1 0 . 6 4 3 5 4 0 . 6 8 0 0
4 . 4 0 0 . 6 7 0 0 6 0 . 6 6 7 4 1 0 . 6 8 0 0
4 . 2 0 0 . 6 9 3 8 1 0 . 6 9 1 1 7 0 . 6 8 0 0
4 . 0 0 0 . 7 1 7 2 9 0 . 7 1 4 7 2 0 . 6 8 0 0
3 . 8 0 0 . 7 4 0 4 0 0 . 7 3 7 9 8 0 . 6 8 0 0
3 . 6 0 0 . 7 6 3 0 6 0 . 7 6 0 8 5 0 . 6 8 0 0
3 . 4 0 0 . 7 8 5 1 8 0 . 7 8 3 2 4 0 . 6 8 0 0
3 . 2 0 0 . 8 0 6 6 7 0 . 8 0 5 0 3 0 . 6 8 0 0
3 . 0 0 0 . 8 2 7 4 5 0 . 8 2 6 1 4 0 . 6B00
2 . 8 0 0 . 8 4 7 4 ? 0 . 8 4 6 4 6 0 . 6 8 0 0
2 . 6 0 0 . 8 6 6 5 1 0 . 8 6 5 9 0 0 . 6 8 0 0
2 . 4 0 0 . 8 8 4 6 3 0 . 8 8 4 3 6 0 . 6 8 0 0
2 . 2 0 0 . 9 0 1 7 0 0 . 9 0 1 7 4 0 . 6 8 0 0
2 . 0 0 0 . 9 1 7 6 5 0 . 9 1 7 9 6 0 . 6 8 0 0
M» I
* E F F E C T I V E  O V E R L A P  NOT W I T H I N  C O N F I D E N C E  L I M I T
87
NI (3D9 API) 4P RICH. N» 4 |_A* 1
REFERENCE FUNCTICN













1 1 . 5 0 0 0
4 . 6 0 0 0
0 . 8 6 0 0  
- 0 . 0 0 0 0  
- 0 . 0 0 0 0  
- 0 . 0 0 0 0
C * 0 10 A 6 
- 0 . 0 3 5 4 7  
1 . C0057  
-O.COOOO 
-O.COOOO 
- 0 . 0 0 0 0 0
DISTANCE S . C . F .  EFFECTIVE EFFECTIVE
M . U . )  OVERLAP OVERLAP ZED
6.CC C • 20 867
5.8C C . 17292
5 . 6 0  C. I 3 A44
5 . AC C. 09334
5 . 2 0  0 . 0 4 9 7 9
5.CC C.CC355
4 . 8C - C . 04395
4 . 6 0  - C . 09368
A.AC - 0 . 1 4 4 9 8
4 . 2 0  - C . 19755
4 . 0 0  - C.  25110
3 . 8 0  - 0 . 3 0 5 2 9
3 . 6 0  - 0 . 3 5 9 7 9
3 . AC - 0 . 4 1 4 2 5
3 . 2 0  - C . 46831
3 . 0 0  - C . 52161
2.8C - 0 . 5 7 3 7 9
2.6C - 0 . 6 2 4 4 8
2 . 4 0  - C . 67332
2 . 2 0  - C . 71995
2.CC - 0 . 7 6 4 C 4
0 . 2 1 0 2 6 C. 8500
0 . 17A58 0 . 8 6 0 0
0 . 1 3 6 1 4 C. 8 6 0 0
0 . 0 9 5 0 7 C . 8 6 0 0
0 . 0 5 1 5 2 0 . 8 6 0 0
0 . 0 0 5 6 6 0 . 8 6 0 0
- 0 . 0 4 2 3 0 0 . 8  fcOC
- 0 . C 9 2 1 2 0 . 8 6 0 0
- 0 . 1 A355 0 . 8 6 0 0
- 0 . 1 9 6 2 9 0 . 8  600
- 0  . 2 5 0 0 5 C. 8  600
- 0 . 3 0 4 5 0 0 . 8 6 0 0
- 0 . 3 5 9 3 0 0 . 8 6 0 0
- 0 . 4  1409 0 . 8 6 0 0
- 0 . 4 6 8 5 2 0 . 8 6 0 0
- 0 . 5 2 2 2 1 0 . 8 6 0 0
- 0 . 57A80 0 . 8 6 0 0
- 0 . 6 2 5 9 0 0 . 8 6 0 0
- 0 . 6 7 5 1 4 0 . 8 6 0 0
- 0 . 7 2 2 1 5 0 . 8 6 0 0
- 0 . 7 6 6 5 7 0 . 8 6 0 0
M* 0
* E F F E C T I V E  C V F R L A F  NOT W I T H I N  C O N F I D E N C E  LI M IT
88
NI (309 A PI) AP RICH. N- LA* 1
REFERENCE FUNCTION 
TERM N ZED COEFFICIENT
1 2 1 1 . 5 0 0 0 0 . C1066
2 3 A . 6000 - 0 . C35A7
3 A 0. 860C 1. C0057
A C -O.CCCC - 0 . 0 0 0 0 0
5 C - 0 . 0 0 0 0 - 0 . COOOO
6 C - 0 . 0 0 0 0 -O.GUGOO
ClSTANCF S. C. F . EFFECTIVE FFFFCT IVI
( A. L.  > OVERLAP OVERLAP ZED
6* CC C. A7970 0 . 3 3  HAA C.OGGG*
5.  fcO C . 50283 0 . 5 0 3 2 5 C . 8 5 0 0
5.6C 0 . 5 2 6 2 9 0 . 5 2 6 7 8 0 . 8 6 0 0
5 . AC C.55CC1 0 .  55058 0 . 8 6 0 0
5 . 2 0 C. 5 739 2 0 . 5 7 A5 8 0 . 8 6 0 0
5 . CO C . 59796 0 . 5 9 8 7 1 G . 8 60 0
A.fcC 0 . 6 2 2 0 5 0 . 6 2 2 9 0 C . 8 6 00
A.6C C.6A6 11 0 . 6A707 0 . 8 6 0 0
A. AC C. 6 7 0 0 6 0 . 6 7 1 1 3 G• 8600
A . 20 C. 69381 0 . 69 5C0 0 . 8 6 0 0
A. CC 0 . 7 1 7 2 9 0 . 7 1 8 6 0 0 . 8 6 0 0
3* 8C C.7ACA0 0 . 7 A18 3 0 . 8 6 0 0
3 . 6 0 C.763C6 0 . 7 6 A6 0 C.860G
3. AO C . 78518 0 . 7 8 6 8 3 C . 8 6 0 0
3.2C 0 . 8 0 6 6 7 0 . 8 0  8 A 3 0 . 8 6 0 0
3 . CC 0 . 827A5 0 . 8 2 9 2 9 G. 8 600
2 . 8 0 C.8A7A2 0.8A93A 0 . 8 6 0 0
2 . 6 0 0 . 8 6 6 5 1 0 . 868A8 0 . 8 6 0 0
2 . AC 0. B8A63 0 . 8 B6 6 3 0 . 8 6 0 0
2.  2C C.9C17C 0 . 9 0 3 7 0 0 . 8 6 0 0
2 . CO C . 91765 0 . 9 1 9 6 1 C. 8 6 0 0
M* 1
• E F F E C T I V E  O V E R L A P  NOT W I T H I N  CCiNFlCENCE LI M I T
89
I
NI N E U T R A L  RI C H * 3C N = 3 LA* 2 M* 0
REFERENCE FUNCTICN 
TERM N 7ET CCEFFICIENT
I 3 5 . 7 5 0 0 C . 56830
2 3 2 . 0 0 0 0 0 . 6 2 9 2 0
3 C - 0 . 0 0 0 0 -O.COOOO
A C - 0 . 0 0 0 0 - 0 . CCOOO
5 C - o . o c o c —0 . 0 0 0 0 0
6 C -O.OCOO - 0 . 0 0 0 0 0
Cl STANCE S . C. F . EFFECT IVE EFFECT IVE
( A . U . ) CVFRLAP OVERLAP ZFD
6.CC f . CI 859 0 . 0 1 9 5 8 2 . 2 8 0 0
5 .  EC ' .C2236 0 . 02 27A 2 . 3 1 0 0
5.  6C C.C2667 G.C2726 2 . 3 3 0 0
5.  AO C . 03153 0 . 0 3 1 7 7 2 . 3 6 0 0
5.2C 0.03fc91 0 . 0 3 7 0 9 2 . 3 9 0 0
5.CC 0 .CA275 0 . 0A33 3 2 . A 200
A. 80 C.CA895 0 . CA95A 2 . A6C0
A.fcC C.C5532 0 . 0 5 5 6 5 2 . 5 1 0 0
A. AC 0 • C 6 1 6A C. 06163 2 . 5 7 0 0
A . 2C C.C6759 0 . 0 6 7 5 3 2 . 6A00
A.CO C.C7281 O.C8A2A 0 .OOCG*
3.  tiC 0 . 0 7 6 8 6 0 . 0 7 7 1 2 2 . 8 3 0 0
3.6C 0*0 7929 0 . 0 9 6 0 2 C .OCOO*
3.  AC C.C7565 0 . 1 5 0 7 1 0 . 0 0 0 0 *
3 . 2 0 0 .C7758 O.C7711 1 . 7A00
3 . 0 0 0 . 0 7 2 9 2 0 . C730 7 1 . 8A0G
2. 8C 0 .C658C 0 • 0 3 H 19 0 . 0 0 0 0 *
2 . h C C.C568A 0 . 0 5 6 6 1 2 . 0 5 0 0
2.  AO C.CA731 C.C178A C. 0 0 0 0 *
2 . 2 0 C.C3927 0 . 0 3 8 3 6 2 . 3  300
2.CC 0 . 0 3 5 5 6 - 0 . 0 0 3 6 9 C. 0 0 0 0 *
* E F F E C T I V E  C V F R L A P  NOT W I T H I N  CCNFICENCfc LIM I T
90
NI N E L T R A L  RICH. 30 N* 3 LA* 2 M* 1
REFERENCE FUNCTION 
TERM N ZED COEFFICIENT
I 3 5 . 7 5 0 0 0 . 5 6 8 3 0
2 3 2 . 0 0 0 0 C . 62920
3 C - 0 . 0 0 0 0 - 0 . COOOC
4 C -O.CCOG -O.OOGOO
5 C - 0 . 0 0 0 0 -O.COOOO
6 C - 0 . 0 0 0 0 -O.COOOO
Cl STANCE S. C. F . EFFECT IVE EFFECTIVE
( A.L.  ) OVERLAP OVERLAP ZEC
6 . CO C.CC8A2 0 . 0 2 1 5 7 0 . o o o c *
5.  80 C. 01074 0 . 0 1 1 6 4 2 . 2 3 0 0
5.6C 0 . CI 3 6 3 0 . 0 1 A 37 2 . 2 5 0 0
5 .  AC C.C1719 0 . 0 1 7 7 7 2 . 2 7 0 0
5.  2C G.C2157 0 . 0 2 1 9 9 2 . 2  900
5.0C C.C2689 0 . 0 2 7 2 5 2 . 3 1 0 0
4. 8C 0 . 0 3 3 3 1 0 . 0 3 3 7 7 2 . 3 3 0 0
A . 6 C C .C4C96 0 . 0 4 1 8 3 2 . 3 5 0 0
A. AO C.CA998 0 . 0 5 0 5 2 2 . 380C
A . 20 0.06CA8 0 . 0 6 1 1 1 2 . 4 1 0 0
A.CC 0 . 0 7 2 5 2 0 • CL7246 2 . 45C0
3 . 8 0 C.C8609 0 . 0 8 6 1 7 2 . 4 9 0 0
3.  60 C . 10108 0 . 1 0 C8 9 2 . 5 4 0 0
3.  AC C. 11723 0 . 1 3 0 2 4 0 . 0 0 0 0 *
3.2C 0 .1 3 A 10 0 . 1 3 3 7 1 2 . 6  700
3.CC G.1510A 0 . 1 7 0 5 5 0 . 0 0 0 0 *
2.8C C . 16711 0 . 1 6 6 6 4 2 . 8 7 0 0
2 . 6 0 C. 18111 0 . 2 1 0 7 7 0 . 0 0 0 0 *
2 . AC 0 . 1 9 1 5 5 0 . 3 4 9 8 3 0 . 0 0 0 0 *
2 . 2 0 C.1967A 0 . 1 9 6 7 3 1 . 6 1 0 0
2.  CO C. 19A86 0 . 1 9 5 3 4 1 . 7 7 0 0
* E F F E C T I V E  O V E R L A P  N OT  W I T H I N  C O K F I O E N C E  L I M I T
APPENDIX III 
DERIVATION OF RESONANCE INTEGRAL APPROXIMATION
The expression for the resonance Integral Is obtained by approxi­
mating the two-center kinetic and potential energy Integrals as
Tij *  Sij I Sij ' (TU  + Tjj) / 2  ••■•(!)
and
Uij“ su <Dii + ujj)/2 
respectively, where different subscripts are two-center terms. The 
virial approximations
Hu - i U u  ....(h)
are assumed for the one-center terms. Since
H - T + U ____(5)
we have
Hij " Sij * Sij ' (Tii + Tjj) / 2  + Sij (Uii + Ujj) /2  
Substitution for T^. by means of equation (3)> for in terms of
equation (k), we have
Hij " C2 " 1 Sij I) Sij (Hu  + ...-(7)
The importance of maintaining the effective Hamiltonian a constant 
of motion for semiemplrical calculations has been discussed by Pople, 
et. al . 40 In order to preserve the invariant nature of the Hamiltonian 




Consider f^ and as atomic orbitals in some molecular coordinate 
systems on atoms A and B, respectively. We can write
♦ 4 - E, D i d ' J x ^  ....(8 )
and
- 2/ ®e(J;)Xj> ....(9)
where the vectors Di and Dg are the transformation coefficients, and 
X^/ and X j • *re the atomic orbitals in the local relative coordinate 
system on atom A and B respectively. ^  and x ^ ' have the same principle 
quantum number, n, and azimuthal quantum number, J^ , but possibly dif­
ferent magnetic quantum numbers, m. The overlap integral in the mole­
cular coordinate system is
S ij “ ....(1 0)
As the quantity [S(2 - | S | )3^j *-s computed from pairs of atomic 
orbitals in the local coordinate system, it must be transformed to the 
molecular coordinate system in such a manner as to maintain the Hamil­
tonian a constant of motion. If one treats the entire factor S(2 - jsj) 
as a single term and transforms it as an overlap integral
[s(2 - | s | ) ] 1:j - /D1(t#)[Si/j/(2 1 |Si,j /|)D2 (j/) ....(11)
the proper transformation invariance is maintained.
APPENDIX IV
THE D , SYMMETRY GROUP MULTIPLICATION TABLE - PRESENTED
5a
TO THE READER FOR REFERENCE
°5d alg fi2g 6lg C2g aiu a2u 6Iu
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®2u
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